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ABS TRACT 
The Geothermal Resource Interactive Temporal Simulation 
(GRITS) model calculates the cost and revenue streams for the 
lifetime of a project that utilizes low to moderate temperature 
geothermal resources. 
of the project is determined. The GRITS model allows preliminary 
economic evaluations of direct-use applications of geothermal 
energy under a wide range of resource, demand, and financial con- 
ditions, some of which change over the lifetime of the project. 
With these estimates, the net present value 
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PREFACE 
The Applied Physics  Laboratory (APL) and t h e  Center f o r  
Metropol i tan Planning and Research (Metro Center) of The Johns 
Hopkins Un ive r s i ty  supported t h e  Department of Energy's Div is ion  
of Geothermal Energy (DOE/DGE) i n  planning and a s s i s t i n g  i n  t h e  
development of geothermal energy i n  t h e  eastern United S t a t e s .  
This  e f f o r t  included developing s c e n a r i o s  t h a t  r ep resen t  p o t e n t i a l  
geothermal u t i l i z a t i o n ,  conducting energy market surveys,  formu- 
l a t i n g  t o o l s  t o  ana lyze  and opt imize t h e  c o s t  of geothermal energy, 
and a methodology f o r  p r e d i c t i o n  of market pene t r a t ion ,  a i d i n g  i n  
t h e  technology t r a n s f e r  t o  states, groups,  and ind iv idua l s ,  and 
genera l  support  t o  DOE. 
The GRITS computer program, descr ibed  he re ,  has  evolved and 
grown over  t h e  years ,  answering t h e  ever-changing need f o r  an ac- 
counting/engineering/economics code t o  determine t h e  c o s t  of geo- 
thermal energy and s tudy  t h e  e f f e c t s  of parameter changes i n  source,  
engineer ing  o r  economic a s p e c t s ,  
work of Richard Weissbrod, W i l l i a m  Barron, Kwang Yu, P e t e r  K r o l l  
and F l e t c h e r  Paddison. 
b i l i t y  by t h e  e f f o r t s  of P e t e r  Kro l l  and W i l l i a m  J. Toth, under t h e  
d i r e c t i o n  of W i l l i a m  Barron. 
The i n i t i a l  a r c h i t e c t u r e  was t h e  
The program then  evolved i n  expanded capa- 
A t  t h e  Applied Phys ics  Laboratory,  W. J. Toth, Roy von Br iesen  
and Kwang Yu c a l i b r a t e d  some of GRITS'S engineer ing  equat ions  and 
provided gene ra l  guidance f o r  main ta in ing  t h e  engineer ing  c red i -  
b i l i t y  of t h e  model. Alber t  M. Stone, F l e t che r  C. Paddison, Claude 
S. L e f f e l  and Frank Mi tche l l  a l s o  o f f e r e d  sugges t ions  and encourage- 
ment i n  t h e  va r ious  s t a g e s  of GRITS'S enhancements. 
A t  t h e  Center f o r  Metropol i tan Planning and Research, t h e  
guiding hands of S a l l y  Minch Kane, Allen Goodman, Richard Weissbrod 
and John Boland helped keep GRITS on t h e  r i g h t  t r a c k  and moving 
forward. 
assistants who pu t  GRITS through thousands of test  runs  and ea r ly -  
on poin ted  ou t  i n c o n s i s t e n c i e s  and e r r o r s  i n  t h e  debugging s t age .  
Thei r  sugges t ions  i n  making t h e  program f r i e n d l y  and a n a l y t i c a l l y  
u s e f u l  con t r ibu ted  g r e a t l y  t o  GRITS. I n  p a r t i c u l a r ,  thanks go t o  
J u l i a  Cohan, Bruce Nilo and Susan Mi tche l l .  Thanks a l s o  t o  t h e  
secretaries Linda S t r o t t  and Louie Fr inger  f o r  typ ing  t h e  several 
d r a f t s  of t h i s  r e p o r t  and i t s  predecessor ,  and t o  e d i t o r s  S h e i l a  
Westbrook and John Kaufman. 
W e  owe a p r i c e l e s s  debt  t o  those  numerous s tuden t  r e sea rch  
This  r e p o r t  documents t h e  f i n a l  ve r s ion  of t h e  GRITS program 
GRITS is  an interactive computer program t h a t  (Refs. 1 through 5). 
c a l c u l a t e s ,  under a v a r i e t y  of r e source ,  load and climatic cond i t ions ,  
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t h e  i n i t i a l  and annual c o s t s  of an i n s t a l l a t i o n  f o r  t h e  d i r e c t  u t i -  
l i z a t i o n  of moderate temperature hydrothermal resources .  
gram w i l l  cont inue t o  be a v a i l a b l e  e i t h e r  i n  t h e  form of t h e  com- 
pu te r  t ape  and/or l i s t i n g ,  o r  The Johns Hopkins Univers i ty  Computing 
Center w i l l  e s t a b l i s h  a computer account f o r  opera t ion  of t h e  pro- 
gram. Technical  a s s i s t a n c e  i n  ope ra t ing  t h e  program can be obtained 
by e s t a b l i s h i n g  an agreement wi th  Mrs. S a U y  Minch Kane o r  M r .  Peter 
Kro l l  a t  t h e  Center f o r  Metropol i tan Planning and Research at The 
Johns Hopkins Univers i ty ,  Baltimore,  Maryland. 
t i o n ,  contac t  M r .  F. C. Paddison a t  t h e  Applied Physics  Laboratory.  
The pro- 
For o t h e r  informa- 
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The GRITS computer model c a l c u l a t e s  t h e  supply c o s t s  f o r  
each year  of a p r o j e c t  d i r e c t l y  u t i l i z i n g  t h e  h e a t  of low t o  mod- 
erate temperature  geothermal resources .  With t h e  model, a use r  
may make pre l iminary  economic eva lua t ions  of community hea t ing  
systems o r  process  hea t ing  a p p l i c a t i o n s .  I n  a d d i t i o n  t o  computing 
t h e  annual  energy product ion and c o s t s ,  ithe model produces several 
summary economic account ing measures. The two p r i n c i p a l  measures 
are ( a )  t h e  discounted average c o s t ,  i . e . ,  t h e  p r i c e  t h a t  equates  
t h e  discounted c o s t  and revenue streams, and (b)  t h e  n e t  p re sen t  
va lue ,  i . e . ,  t h e  sum of t h e  discounted c o s t  and revenue streams. 
When t h e  use r  s p e c i f i e s  a s e l l i n g  p r i c e  :Eor t h e  energy produced 
t h a t  d i f f e r s  from t h e  discounted average c o s t  of producing t h e  en- 
ergy,  t h e  n e t  p re sen t  va lue  d i f f e r s  from zero.  The discounted av- 
e rage  c o s t  i n d i c a t e s  t h e  va lue  of t h e  goods and services r equ i r ed  
t o  b r ing  a u n i t  of energy t o  a customer. The n e t  p re sen t  va lue  
t a k e s  i n t o  account p ro jec t ed  market cond:lt ions through t h e  spec i -  
f i e d  s e l l i n g  p r i c e  ( o r  p r i c e  t r end)  f o r  ithe energy produced and 
i n d i c a t e s  t h e  p o t e n t i a l  at tractiveness o:E t h e  investment t o  de- 
ve lope r s  and f i n a n c i e r s ,  Other summary :Einancial measures are 
a l s o  provided. 
The u s e r  of t h e  model d e f i n e s  a p r o j e c t  by spec i fy ing  va lues  
f o r  a wide range of resource  cond i t ions  (e.g. ,  number of produc- 
t i o n  and r e i n j e c t i o n  w e l l s ,  w e l l  depth,  water temperature ,  pumping 
requirements ,  maximum flow r a t e ) ,  demand cond i t ions  (e .g . ,  u se r  
type,  l o c a l  weather cond i t ions ,  rate of market p e n e t r a t i o n ) ,  and 
f i n a n c i a l  cond i t ions  (e .g . ,  i n t e r e s t  rate, i n f l a t i o n  rate, p r o j e c t  
l i f e t i m e ,  c o s t  of purchased energy) .  The l a r g e  number of op t ions  
provides  cons iderable  f l e x i b i l i t y  t o  s tudy  s p e c i f i c  s i t u a t i o n s .  
To f a c i l i t a t e  ope ra t ion  of t h e  program, cond i t ions  t h a t  t h e  use r  
does no t  s p e c i f y  f o r  a given run are assigned t h e  va lues  from t h e  
previous  run. A t  t h e  o u t s e t  a l l  cond i t ions  are assigned t h e i r  
base  case o r  d e f a u l t 1  va lues .  
The u s e r  may s p e c i f y  parameters  f o r  many op t ions  as t i m e -  
dependent func t ions  (e .g . ,  dec l in ing  f low rates over  t i m e ,  r i s i n g  
c o s t s  f o r  purchased energy over  t ime) .  I n  t h e  d i scuss ions  i n  t h e  
fol lowing subsec t ions ,  an  a s t e r i s k  (*) i n d i c a t e s  t h a t  t h e  use r  may 
s p e c i f y  t h e  parameter va lue ,  whi le  a double a s t e r i s k  (**) i n d i c a t e s  
t h a t  t h e  use r  may s p e c i f y  t h e  va lue  as a time-dependent func t ion .  
1. A d e f a u l t  va lue  i s  a b u i l t - i n  va lue  t h a t  has  been e s t a b l i s h e d  
bu t  t h a t  may be  overr idden when more p e r t i n e n t  va lues  become 
a v a i l a b l e .  
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GRITS is designed to provide flexibility while keeping its 
operation simple and inexpensive. Once he has set up a "base case 
scenario" or if he uses the model's existing "default scenario," 
the user may specify a large number of parameter values and obtain 
his desired analysis by changing only those values of interest. 
The results of model runs may be displayed on an interactive ter- 
minal, and, if desired, the detailed outputs may be directed to a 
line printer. 
metric version is under consideration. 
GRITS currently is programmed in English units; a 
Any simulation model, even the most complex, is necessarily 
a highly "stylized" representation of actual conditions. 
considerable effort has been devoted to specifically modeling im- 
portant engineering relationships, the results provided by GRITS 
are influenced by simplifying assumptions. GRITS is not intended 
to be an economic engineering model, i.e., one whose principal pur- 
pose is to determine the minimum cost engineering solution for a 
particular application. 
modeled with sufficient accuracy to provide insights important for 
economic decisions. The primary purpose of GRITS is to model the 
impacts of changes in specific resource and economic parameter 
values on the economic accounting. In this respect, GRITS fills a 
gap between the engineering-oriented modeling of  geothermal re- 
sources and economic modeling based on only the most general engi- 
neering relationships. 
While 
Engineering relationships in GRITS are 
GRITS permits the incorporation of as much important tech- 
Although it uses relatively 
nical design and operating information as possible, while minimiz- 
ing the cost of running the program. 
detailed engineering formulas to determine the size and operational 
characteristics of major capital components, GRITS does not include 
elaborate internal optimization routines for designing subsections 
of the utilization system. For example, submersible pumps are 
sized and priced on the basis of user-specified flow rates and lift 
requirements. In contrast, the optimization of pipe sizes and in- 
sulation thickness for specific subsections of a community heating 
system is assumed to be reflected in the user-specified costs per 
mile of installed distribution pipe. The pumps are optimized be- 
cause their sizes and costs will vary greatly depending on local 
reservoir conditions. It is important that the cost estimates re- 
flect these local conditions. In contrast, for all but the small- 
est distribution systems, the average cost per mile of the system 
will fall within a more narrow range and hence for preliminary 
evaluations can be estimated in a generally applicable manner. 
GRITS includes enough engineering simulation to allow the user to 
track the impact on the cost and revenue streams of changes in 
reservoir characteristics or the type of end-use. However, since 
the model is designed to provide preliminary economic assessments, 
detailed calculations that are appropriate only for much more com- 
prehensive evaluations are simplified in the model. 
- 12  - 
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GEOTHERMAL ENERGY DELIVERY SYSTEM 
The general configuration of the geothermal energy delivery 
system that is modeled by GRITS is shown. in Fig. 1. The system 
consists of two loops. The first is the preliminary production 
loop wherein hot geothermal fluids are pumped to the surface by a 
submersible downhole pump in the production well. 
the geothermal fluids may be temporarily stored in insulation stor- 
age tanks, or accumulators, that either permit some load-leveling 
under peak load conditions or increase the pump cycle times under 
less than full capacity loads. A circulating pump at the surface 
moves the geothermal fluids from the accumulator to the heat ex- 
changer, where thermal energy is transferred to the secondary loop. 
The cooled geothermal fluids leaving the heat exchanger are then 
reinjected, either into the original aquifer or into some shallower 
aquifer that is compatible with the cooled geothermal fluid. 
At the surface, 
The water in the secondary loop is chemically treated to 
control corrosion in the pipes, It is heated to a higher temper- 
ature in the heat exchanger and piped through a two-pipe distribu- 
tion network to some combination of residential, commercial, or 
industrial users. Each customer extracts the heat he requires and 
returns the cooled circulating water through a return network of 
pipes to the wellhead for reheating. 
If the geothermal resource is not hot enough to provide 
circulating water at the desired temperaiture for its users, or if 
the heat demand exceeds the thermal output capability of the well, 
a fossil-fuel boiler topping system1 may be used to provide extra 
heat. 
A number of variations to this system can be envisioned. 
For example, if the quality of the geothermal fluids is good enough 
that surface disposal is practical, the reinjection well can be 
eliminated or the geothermal fluid mighi be used directly in a 
single-loop system. Another possibility might include a water-to- 
water heat pump to transfer the thermal energy from the geothermal 
1. Topping systems as used here signify boiler systems that are 
used to increase circulating water temperatures because resource 
temperatures are too low. As such they are in constant or near- 
ly constant use. Peaking systems mean boiler systems that are 
used only to supply supplement heat under peak load conditions. 
This is done normally by increasing circulating water tempera- 
tures; the implication is that resource temperatures are suffi- 
cient to meet base load conditions. 
- 1 3  - 
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U 
Hot water aquifer 
Fig. I Direct applications of moderate temperature geothermal energy. 
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fluid to the circulating water and to elevate the temperature of 
the circulating water above that of the resource. Still another 
variation might use fresh, potable water in an open secondary loop, 
where the customers use or dispose of the water. 
Figure 1 represents a conservative system design since it 
is assumed that the geothermal waters are too brackish or mineral- 
ized for either direct use or surface disposal and therefore re- 
quire a heat exchanger, a secondary loop, and a reinjection well. 
The secondary loop is assumed to be closed, which entails a two- 
pipe distribution network. Experience by others (Ref. 6 )  has shown 
that the topping system, which is simply a fossil-fuel-fired boiler, 
is for several reasons a cost-saving addition to the system. First, 
if the geothermal resource provides only the base load to the sys- 
tem, fewer wells are required and the cost savings easily exceed 
the cost of the boilers. 
the ambient temperature falls below a selected design temperature. 
Under periods of peak loading, the peaking system supplies the ex- 
tra heat by elevating the circulating water temperature while main- 
taining constant flow. 
system at additional savings. Finally, by serving the base load 
only, one geothermal well can be used for a longer time each heat- 
ing season, which provides more energy for the same capital invest- 
ment. Therefore, the hybrid system can serve more users at a low- 
er cost than either a geothermal or fossil fuel system alone. One 
final advantage of a hybrid system is the ability of the peaking 
system to serve as a temporary backup system should problems occur 
in the operation of the well. 
Most peaking systems begin operating when 
This allows a smaller size distribution 
In order to specify the base load supplied by the geothermal 
well, the best mix of geothermal energy and topping system energy 
must be determined. This is done by varying the design temperature 
of the system to f i n d  the lowest discounted average c o s t  of d e l i v -  
ered energy. The design temperature is the lowest ambient tempera- 
ture for which the geothermal well can supply 100% of the system's 
thermal needs, As ambient temperatures fall below the design tem- 
perature, the peaking system is used to supply the extra thermal 
energy requirements. 
To meet the varying demands on the system, the production 
rate from the wells will vary, as will the drawdown, i.e., the 
level at which the water level stabilizes at full production. 
Based on the results of the well at Crisfield, Md. (Refs. 7 ,  8, and 
9 ) ,  maximum flow rates from'a typical production well are not ex- 
pected to be much more than 250 gal/min. Therefore, the model will 
design a system around a well that produces 250 gal/min, unless the 
user exercises his option to change this default value. 
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I n  o rde r  t o  o b t a i n  economic flow rates of up t o  250 g a l /  
min o r  more, a submersible pump probably w i l l  be requi red .  
water i s  pumped from t h e  w e l l ,  t h e  water level w i l l  f a l l  u n t i l  an 
equi l ibr ium between a q u i f e r  p roduc t iv i ty  and pumping ra te  i s  achiev- 
ed (drawdown). For ease of modeling, t h e  d i f f e r e n c e  between t h e  
equi l ibr ium water level and t h e  s u r f a c e  i s  expressed as a percent-  
age of t h e  depth of t h e  w e l l .  
i n  t h e  Delmarva Peninsula  i n d i c a t e  t h a t  drawdowns of up t o  15% may 
be experienced f o r  product ion 'rates on t h e  o rde r  of 250 gal/min. 
The type  of w e l l  completion ( i . e . ,  pe r fo ra t ed  cas ing  ve r sus  screen- 
ing  and g rave l  packing) can s i g n i f i c a n t l y  in f luence  w e l l  drawdown, 
which i n  t u r n  s e r i o u s l y  a f f e c t s  t h e  c o s t s  of d e l i v e r i n g  geothermal 
energy. Since t h e  screening  and g rave l  packing method i s  expected 
t o  provide b e t t e r  f low i n t o  t h e  w e l l ,  i t s  use  i s  assumed t o  reduce 
drawdown where t h i s  may pose a s e r i o u s  problem. 
A s  
I n i t i a l  estimates f o r  deeper a q u i f e r s  
A p la te - type  s t a i n l e s s  steel wellhead hea t  exchanger has  
been assumed, which i s  cor ros ion  r e s i s t a n t  and e a s i l y  disassembled 
f o r  maintenance. It i s  a l s o  assumed t h a t  i t  operates i n  a counter- 
f low manner wi th  a logarithmic-mean temperature  d i f f e r e n c e  ac ross  
t h e  hea t  exchanger of 7'F. 
heated t o  w i t h i n  7'F of t h e  wellhead resource  temperature ,  a s t r i n -  
gent  requirement t h a t  has  been set  t o  maximize t h e  thermal output  
of t h e  w e l l  and maintain reasonable  c o s t s .  
This  impl ies  t h a t  c i r c u l a t i n g  w a t e r  i s  
Other system assumptions w i l l  become evident  i n  t h e  discus-  
s i o n s  t h a t  follow. S p e c i f i c  r e l a t i o n s  between parameters and spe- 
c i f i c  assumptions used wi th  t h e  model are explained i n  Appendix A. 
The system des ign  f o r  t h e  c o s t  estimates generated by GRITS i s  
f a i r l y  complex; however, i t  i s  f e l t  t h a t  t h e  o v e r a l l  con f igu ra t ion  
may be t h e  most probable  t h a t  w i l l  be  encountered. Because of t h e  
system's  complexi t ies ,  t h e  c o s t  estimates of energy de l ive red  by 
t h e  system under d e f a u l t  cond i t ions  a re  l i k e l y  t o  be on t h e  con- 
servative s i d e ,  bu t  t h e  f l e x i b i l i t y  of t h e  GRITS model a l lows t h e  
s p e c i f i e d  parameters t o  be va r i ed  t o  r e f l e c t  more o p t i m i s t i c  as 
w e l l  as more conserva t ive  resource  and ope ra t ing  condi t ions .  Even 
wi th  such a complex system des ign ,  geothermal energy can be c o s t  
compet i t ive  wi th  convent ional  f u e l s  f o r  a wide v a r i e t y  of condi- 
t i o n s ,  e s p e c i a l l y  f o r  i n d u s t r i a l  u se r s .  
EVALUATION PERIOD 
The p r o j e c t  eva lua t ion  period*, o r  f i n a n c i a l  l i f e t i m e  of 
t h e  p r o j e c t ,  i nc ludes  a r e source  assessment phase ( f o r  exp lo ra t ion ,  
*As s t a t e d  earlier, a s i n g l e  a s t e r i s k  i n d i c a t e s  t h a t  t h e  use r  may 
s p e c i f y  t h e  parameter va lue ,  whi le  a double a s t e r i s k  i n d i c a t e s  
t h a t  t h e  use r  may s p e c i f y  t h e  va lue  as a time-dependent func t ion .  
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testing, licensing, etc.) followed by a utilization phase (well 
drilling, installation of transmission and distribution system, 
acquisition of customers, well operation, and sales of energy). 
The assessment phase is specified by its duration* and annual 
costs*. The utilization phase is specified by duration (project 
evaluation period less length of assessment phase) and a large 
number of resource, demand, and financial conditions. If the as- 
sessment phase is given a zero time period, the evaluation period 
and utilization phase coincide. It is important to note that, even 
if the user limits the number of years reported in detail by GRITS, 
the period over which the project simulation is performed is de- 
fined by the full project evaluation period. 
During the initial year of the utilization phase, costs are 
incurred for well drilling, purchase and installation of well-head 
equipment, and the transmission pipeline. For community heating 
applications, the distribution system may be installed at any 
starting time* and completed over any period** so long as it is 
installed at a rate that equals or exceeds the rate of market pene- 
tration**. Capital components are replaced in the year following 
the end of their expected useful life*. Typically, pumps and the 
central heat exchanger are replaced over the course of the utili- 
zation phase, while other components have a life exceeding this 
period. 
OPERATING MODES 
Resource-Specified and Demand-Specified Modes 
Two different situations may face a potential geothermal de- 
veloper. First, given a resource, he may assume that he can reach 
out and capture sufficient customers to use up all of the resource, 
or in the case of industrial process heat, that the developer has a 
buyer for all he could supply, This assumes that potential demand 
is unlimited, and that the resource could be used to capacity. Al- 
though this situation is likely to occur in many cases, it would 
also be useful to be able to size the system to meet only a speci- 
fied demand such as a new housing or commercial development or po- 
tential industrial user. 
GRITS can operate under either of these conditions. If a 
given resource is to be exploited fully under the assumption that 
whatever is available can be sold, the mode is termed "resource- 
constrained" or "resource-specified." 
satisfied (as long as the well's flow potential is not exceeded), 
the scenario is called "demand-constrained" or "demand-specif ied. 
(An earlier demand-specified program, DSM, is documented in Ref. 3 ,  
now superseded by GRITS. 
If a given demand is to be 
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Special Fossil-Fuel-Only Mode 
A special mode of operation also is available in GRITS. 
Often in evaluating the desirability of a geothermal heating sys- 
tem, a comparison with an analogous fossil fuel fired system is 
useful. Option 0 (zero) permits--in the demand-specified scenario 
only--the ability to simulate a fossil fuel boiler supplied dis- 
trict heating or process heating system. 
to have a fossil fuel system as the sole heat source i n  the re- 
source constrained case. Because the geothermal resource provides 
no restraint on the size of the system, the system could be sized 
infinitely large without exceeding the resources limits.) 
(It would make no sense 
PROCESS HEATING ROUTINE 
The user may select either a process heating routine (in- 
dustrial) or a community heating routine (residential/commercial). 
The process heating routine calculates the cost of producing energy 
and delivering it f r o m  the wellhead to the plant gate via the trans- 
mission line. In the resource-specified case, the amount of heat 
delivered depends on the maximum thermal output of the well (based 
in turn on resource temperature**, reinjection temperature*, and 
flow rate**) and the industrial utilization factor* (the propor- 
tion of heat available from around-the-clock full pumping of the 
well that is utilized by the process heat user). 
specified, that demand is used in determining the maximum flow of 
the well. The capital cost of obtaining geothermal heat depends 
primarily on the well cost (a function of depth*), the length of 
the transmission* lines, and the interest charges*. Variable costs 
depend primarily on drawdown** and the cost of electricity** to 
operate the pumps, (A zero drawdown results in no cost for pumping 
energy or for wellhead pumps.) 
If demand is 
COMMUNITY HEATING SYSTEM 
The residential/commercial routine simulates the system that 
supplies dwelling units and commercial buildings through a commu- 
nity heating system, Housing type*, the number* and size* of 
commercial buildings and their heat load*, and the average hourly 
temperature data* determine space heating demands. Estimated 
sanitary hot water demands for both homes and commercial buildings 
are added to the space heating demand. The geothermal well supplies 
space heating requirements for outside temperatures at or above 
the design temperature* and all sanitary hot water. 
tures below the design temperature, a fossil fuel peaking system 
raises the water temperature in the distribution network to meet 
additional requirements. 
For tempera- 
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Energy from the wellhead is sent through the transmission 
line* to the distribution system and then to individual buildings 
on the system. In the resource-specified mode, the total demand 
served by a well depends on the maximum hourly thermal output of 
the well and the space and hot water requirements at the design 
temperature. The commercial heating demand is determined by the 
product of the total floor space* being served and the heating load 
per unit of floor space*, which is a function of the outside temper- 
ature. This demand at the design temperature is subtracted from 
the maximum hourly thermal output of the well, which leaves the 
amount available for residential heating. The remainder is divided 
by the space and hot water demand for the typical housing unit* 
(a single unit or a composite of several types) at the design tem- 
perature to determine the number of dwelling units served by the 
well. In addition to supplying all additional heating requirements 
at outside temperatures below the design temperature, the peaking 
system serves as a backup system that makes up energy deficiencies 
due to declining thermal output from the well. 
In the demand-specified case, commercial demand is first 
satisfied, as in the resource-specified case. The total residen- 
tial demand, calculated using the specified number of households 
and the characteristics of the typical housing unit, is then added. 
Once this total residential/commercial demand is calculated, the 
peak flow necessary to supply it is calculated. If this flow ex- 
ceeds the maximum possible from the well, the simulation cannot 
be run; if the well can supply the flow, the maximum flow rate 
function is scaled proportionately. 
The length of the distribution system needed to serve the 
commercial and residential area depends on several factors: the 
length of the commercial portion of the system*, data internal to 
the program on the density of each housing type, and the residen- 
tial market saturation* (i.e., the proportion of all housing units 
within the market service area that ultimately join the system). 
The user specifies the pace at which the distribution sys- 
tem is installed** (e.g., half the initial year and the remainder 
over the next two years). The installation should exceed or at 
least match the rate of market penetration**. A "rapid" market 
penetration could reflect mandatory participation, placement of 
the system in an area of new housing construction or commercial 
development, or special incentives to join. On the other hand, a 
community heating system that is just competitive with other fuels 
and relies on voluntary participation may experience a much slower 
penetration of its potential market service area. 
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The annual amount of energy requi red  by system customers 
depends on t h e  number of bu i ld ings  and t h e  hea t  load  of each. 
g ineer ing  r e l a t i o n s h i p s  determine hourly space hea t ing  requirements 
as a func t ion  of o u t s i d e  temperature.  
p e r a t u r e  i s  mul t ip l i ed  by t h e  average number of hours i n  a year  
t h a t  are a t  t h a t  temperature  ( see  page 28). These demands are 
summed t o  determine t h e  annual space hea t ing  demand. San i t a ry  hot  
water demand i s  determined on t h e  b a s i s  of t h e  commercial f l o o r  
space and t h e  number of households. Space  hea t ing  and s a n i t a r y  
demands are then  summed t o  determine t o t a l  annual energy sales t o  
system customers. All space hea t ing  demand f o r  temperatures  a t  o r  
above t h e  design temperature  and a l l  s a n i t a r y  ho t  water demand are 
used t o  c a l c u l a t e  t h e  volume of water drawn annual ly  from each w e l l .  
The remaining requirements are used t o  determine t h e  s i z e  of t h e  
peaking system b o i l e r s  and t h e  amount of peaking f u e l  requi red  
each year .  
En- 
The demand a t  a given t e m -  
TREATMENT OF INFLATION 
P r i c e s  i n  GRITS may be  s p e c i f i e d  i n  real  (cons tan t )  d o l l a r  
terms o r  i n  nominal terms. I n  r e a l - d o l l a r  c a l c u l a t i o n s ,  t h e  e f -  
f e c t s  of t h e  o v e r a l l  r a t e  of p r i c e  i n f l a t i o n  i n  t h e  economy have 
been e l imina ted ,  i .e . ,  only d i f f e r e n t i a l  p r i c e  changes are consid- 
ered.  
they  can be  r e a d i l y  i n t e r p r e t e d  wi th  r e spec t  t o  t h e  c u r r e n t  oppor- 
t u n i t y  c o s t s  of a given o u t l a y ,  e .g . ,  t h e  amount of goods and ser- 
vices t h a t  can be  purchased f o r  t h e  same p r i c e  as a u n i t  of energy. 
However, because nominal c o s t s  may be u s e f u l  f o r  some f i n a n c i a l  
ana lyses ,  t h i s  approach is  also a v a i l a b l e  (OPTION 25).  
Economists gene ra l ly  p r e f e r  r e a l - d o l l a r  c a l c u l a t i o n s  because 
The use r  should understand t h a t  t h e  p r i c e  t r ends  f o r  peaking 
f u e l  and e l e c t r i c i t y  are inpu t  t o  t h e  model independent ly  of t h e  
s p e c i f i e d  rate of i n f l a t i o n .  The use r  should be s u r e  t h a t  t hese  
t r ends  are c o n s i s t e n t  wi th  t h e  rea l  ve r sus  nominal d o l l a r  choice  
and, i n  t h e  case of nominal d o l l a r s ,  wi th  t h e  s p e c i f i e d  r a t e  of in-  
f l a t i o n .  For example, i f  real c o s t s  are used and t h e  p r i c e  t rend  
f o r  e l e c t r i c i t y  i s  inpu t  a t  1.5%, t h e  use r  i s  assuming t h a t  t h e  
p r i c e  of e l e c t r i c i t y  is  r i s i n g  1.5% faster than  t h e  gene ra l  r a t e  
of i n f l a t i o n .  If nominal c o s t s  are used and t h e  s p e c i f i e d  rate of 
i n f l a t i o n  is  lo%, t h e  same p r i c e  e s c a l a t i o n  f o r  e l e c t r i c i t y  must 
be represented  by an inpu t  va lue  of an  11.65% ra t e  of increase. 
Real-Dollar Values 
While t h i s  approach f a c i l i t a t e s  t h e  economic a n a l y s i s ,  t h e  
s tandard  loan  repayment schedule  r e q u i r e s  s p e c i a l  cons idera t ion .  
Typica l ly ,  l oan  repayments are f i x e d  i n  nominal monetary va lues  f o r  
t h e  e n t i r e  repayment per iod .  A s  i n f l a t i o n  erodes the  purchasing 
power of money, t h e  real va lue  of debt  service payments decreases .  
- 20 - 
THE JOHNS HOPKINS UNIVERSITY 
APPLIED PHYSICS LABORATORY 
LAUREL MARYLAND 
I f  a l l  o t h e r  p r i c e s  are r i s i n g  a t  t h e  gene ra l  rate of i n f l a t i o n * ,  
then  t h e  oppor tuni ty  c o s t  ( i .e. ,  what t h e  debt  service payment 
could buy i n  t h e  form of o t h e r  goods and s e r v i c e s )  of t h e  f ixed  
nominal payment decreases  over  t i m e .  
payment due i n  year  "t" equals  
The real  va lue  of t h e  f ixed  
[Nominal payment + (1 + rate of i n f l a t i o n ) L ] .  
Loans indexed t o  i n f l a t i o n  may be modeled through t h e  use  of a zero 
rate of i n f l a t i o n  and of a real i n t e r e s t  rate,  e.g. ,  2 o r  3% f o r  
low- o r  non-risk loans .  
Nominal-Dollar Values 
For nominal va lues  a l l  c o s t s ,  except e l e c t r i c i t y ,  peaking 
f u e l ,  and t h e  s e l l i n g  p r i c e  of t h e  geothermal energy, are assumed 
t o  rise a t  t h e  s p e c i f i e d  rate of i n f 1 a t i o n . l  Thus, i f  one p r o j e c t  
i nc ludes  a four-year r e source  assessment per iod  and a rate of in-  
f l a t i o n  of lo%, t h e  p r i c e  f o r  each c a p i t a l  component i s  1.46 t i m e s  
t h a t  f o r  a p r o j e c t  t h a t  has  no assessment phase and bought i t s  
c a p i t a l  components when t h e  four-year assessment phase w a s  j u s t  
beginning f o r  t h e  f i r s t  p r o j e c t .  
placed dur ing  t h e  p r o j e c t ,  t h e  replacement c o s t  is  assumed t o  have 
r i s e n  a t  t h e  ra te  of i n f l a t i o n .  I n  c o n t r a s t  t o  t h e  r e a l - d o l l a r  
approach, where debt  service payments are a c t u a l l y  devalued over 
t i m e ,  debt  service remains f ixed  i n  t h e  nominal approach. 
I f  a p i ece  of equipment i s  re- 
DISCOUNT RATE 
Even i f  c o s t s  and revenues f o r  d i f f e r e n t  y e a r s  have been 
reduced t o  t h e  same real p r i c e  equ iva len t s ,  i t  i s  s t i l l  important  
t o  cons ider  t h e  t i m e  p re fe rence  f o r  p r o j e c t  r e t u r n s .  Typica l ly ,  
e a r l y  revenues are p re fe r r ed  t o  later revenues,  whi le  l a te r  c o s t s  
are p r e f e r r e d  t o  c o s t s  incur red  e a r l y  i n  t h e  p r o j e c t  eva lua t ion  
per iod.  Severa l  reasons  support  such preferences .  I f  t h e  income 
is  a v a i l a b l e  f o r  product ive  investment ,  a d o l l a r  of revenue earned 
e a r l y  i n  t h e  p r o j e c t  may be  inves ted  t o  provide  a l a r g e r  r e t u r n  
la ter  i n  t h e  per iod.  I f  a c o s t  may be de fe r r ed  t o  some la ter  d a t e ,  
t h e  money t o  meet t h a t  c o s t  may be inves ted  i n  t h e  i n t e r i m  t o  pro- 
v i d e  a g r e a t e r  o v e r a l l  r e t u r n .  I f  income is  needed f o r  consump- 
t i o n ,  an  e a r l y  r e t u r n  means t h a t  t h e  p r o j e c t ' s  f i n a n c i e r s  must w a i t  
1. Of course,  i n  t h e  r e a l - d o l l a r  approach, a l l  p r i c e s  except  energy 
c o s t s  are a l s o  assumed ( i m p l i c i t l y )  t o  rise a t  t h e  rate of in-  
f l a t i o n .  
p u t ,  since only  d i f f e r e n t i a l  p r i c e  i n f l a t i o n  is  of i n t e r e s t .  
This  assumption i s  no t  shown d i r e c t l y  i n  t h e  model out-  
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a s h o r t e r  time f o r  t h a t  consumption. 
s o c i e t y ' s  p o i n t  of view, t h e  p r i n c i p a l  r e t u r n  from a geothermal 
p r o j e c t  is t h e  energy produced. 
s i v e  t o  s t o r e ,  s o c i e t y  p r e f e r s  t h a t  i t  be produced annual ly  as 
needed. Y e t ,  i f  r e l i a b i l i t y  of t h e  geothermal r e source  becomes 
less c e r t a i n  as t h e  per iod  of e x p l o i t a t i o n  lengthens ,  t h e  l a te r  
p o r t i o n  of t h e  p ro jec t ed  c o s t  and revenue stream i s  less c e r t a i n  
than  t h e  earlier. L e s s  c e r t a i n  r e t u r n s  are gene ra l ly  valued a t  a 
lower level than  more c e r t a i n  r e t u r n s .  
It can be  argued t h a t ,  from 
Since such energy i s  very  expen- 
The d i s t r i b u t i o n  of p ro jec t ed  r e t u r n s  through t i m e  a f f e c t s  
t h e i r  va lue  f o r  many reasons ,  inc luding  forgone investment oppor- 
t u n i t i e s ,  t h e  need t o  w a i t  longer  f o r  consumption, and t h e  g r e a t e r  
r i s k  t h a t  l a te r  pro jec ted  r e t u r n s  may not  be  r e a l i z e d .  The usua l  
method of t e a t i n g  t h i s  change is  t o  reduce t h e  va lue  of later re- 
t u r n s  through a d iscount  f a c t o r .  Standard economic p r a c t i c e  is  
t o  use a s i n g l e  rate of d i scount  compounded annual ly .  
if t h e  d iscount  rate i s  2%, t h e  p ro jec t ed  r e t u r n  of a d o l l a r  i n  
10 yea r s  i s  valued a t  $0.82. The u s e r  of the model may select  the 
appropr i a t e  d i scount  rate* ( inc lud ing  a zero ra te  i f  d e s i r e d )  t o  
r e f l e c t  t i m e  p reference ,  oppor tuni ty  c o s t ,  r i s k ,  o r  a combination 
of these .  
For example, 
INTERPmTING MODEL OUTPUTS 
The t rea tment  of debt  s e r v i c e  payments, t h e  i n t e r r e l a t i o n -  
s h i p  between drawdown and market pene t r a t ion ,  and t h e  mid-period 
replacement of some p ieces  of c a p i t a l  equipment in f luence  t h e  cos t  
t r end  i n  important  ways. The use r  un fami l i a r  wi th  t h e  model's 
s t r u c t u r e  may f i n d  c e r t a i n  a s p e c t s  of t h e  c o s t  t r end  seemingly 
c o u n t e r i n t u i t i v e .  The real  level of debt  service payments de- 
c l i n e s  over  t i m e  as i n f l a t i o n  erodes t h e  buying power of t h e  an- 
nua l  ou t l ays  t o  repay c a p i t a l  equipment loans .  Var iab le  c o s t s  
w i l l  rise as u t i l i z a t i o n  inc reases .  Even a t  cons tan t  u t i l i z a t i o n ,  
t h e  c o s t  of purchased energy ( e l e c t r i c i t y  t o  d r i v e  t h e  downhole 
pumps and f o s s i l  f u e l  f o r  peaking b o i l e r s )  w i l l  t y p i c a l l y  r ise 
over t h e  l i f e  of t h e  p r o j e c t .  Thus, t o t a l  c o s t  ( f ixed  p l u s  vari- 
a b l e )  may cont inue  t o  r ise but  w i l l  l i k e l y  l e v e l  o f f  and then  de- 
c l i n e  be fo re  t h e  end of t h e  eva lua t ion  per iod .  
The p a r t i c u l a r  l e v e l  of drawdown s p e c i f i e d  by t h e  use r  re- 
s u l t s  from ope ra t ing  t h e  w e l l  under cond i t ions  of "p ro jec t  matur- 
i t y , "  i .e.,  maximum u t i l i z a t i o n .  
a n a l y s i s ,  annual  u t i l i z a t i o n  levels w i l l  t y p i c a l l y  s ta r t  a t  rela- 
t i v e l y  low levels and r e q u i r e  a year  o r  more t o  reach  t h e  maximum 
level. During t h e  yea r s  preceding p r o j e c t  ma tu r i ty ,  t h e  a c t u a l  
level of drawdown i s  assumed t o  be p ropor t iona te  t o  t h e  degree of 
ma tu r i ty  a t t a i n e d  t o  t h a t  po in t .  For example, i f  t h e  system w i l l  
u l t i m a t e l y  s e r v e  20 commercial bu i ld ings  and 1,000 housing u n i t s  
I n  t h e  res ident ia l /commerc ia l  
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and w i l l  exper ience  a 20% drawdown when t h i s  level of demand i s  
f i r s t  se rved ,  t h e  average drawdown is assumed t o  be  10% i n  an 
earlier year  when only  10 commercial b u i l d i n g s  and 500 u n i t s  are 
on t h e  system. 
While t h e  t y p i c a l  eva lua t ion  per iod  ( f i n a n c i a l  p r o j e c t  l i f e )  
lasts 20 t o  30 yea r s ,  t h e  expected l i f e  of some f ixed  p l a n t  com- 
ponents may b e  cons iderably  s h o r t e r  (e .g . ,  10 yea r s  f o r  t h e  c e n t r a l  
hea t  exchanger and downhole pumps). Such components are rep laced  
i n  t h e  year  fol lowing t h e  end of t h e i r  expected u s e f u l  l i f e t i m e .  
The model assumes t h a t  t h e  nominal p r i c e  of t h e s e  components has  
been r i s i n g  a t  t h e  r a t e  of i n f l a t i o n  s i n c e  t h e  s tar t  of t h e  u t i l i -  
z a t i o n  phase. Thus, t h e  real c o s t  remains unchanged. For equip- 
ment wi th  a 10-year l i f e ,  t h e  real  va lue  of t h e  debt  service pay- 
ments d e c l i n e s  s t e a d i l y  over t h i s  per iod  and then  jumps i n  t h e  
e l even th  year  (replacement year )  be fo re  beginning t o  d e c l i n e  again.  
OPERATING GRITS 
The GRITS program may be accessed by te lephone us ing  i n t e r -  
active terminals through t h e  DEC-10 computer f a c i l i t y  a t  t h e  Home- 
wood Campus of The Johns Hopkins Univers i ty  i n  Baltimore.  Af t e r  
t h e  use r  e n t e r s  t h e  system and accesses t h e  program by typing  RUN 
GRITS, a b r i e f  i n t r o d u c t i o n  is p r in t ed .  To o b t a i n  a l i s t  of pa- 
rameters and t h e i r  corresponding op t ion  numbers, t h e  u s e r  types  
HELP. The program w i l l  then  a sk  which parameter t h e  use r  wishes 
t o  change by p r i n t i n g  ou t  OPTION? The use r  types  i n  t h e  op t ion  
number a s soc ia t ed  wi th  t h e  parameter of i n t e r e s t  and p r e s s e s  t h e  
r e t u r n  key. The program w i l l  s p e c i f y  t h e  u n i t  of va lue  t o  be  used 
(e .g . ,  degrees  Fahrenhei t ,  c o s t  per  mi le )  and w a i t  f o r  i npu t .  For 
some parameters  where a l i m i t e d  range of va lues  is  accepted by t h e  
program, if t h e  use r  types  i n  an unacceptable  va lue ,  t h e  program 
w i l l  i n d i c a t e  the accep tab le  bounds and aga in  request i npu t  da ta .  
OPTIONS 0 through 9 are o p e r a t i o n a l  commands t o  d i s p l a y  
current parameter va lues ,  ou tput  program r e s u l t s  t o  a l i n e  p r i n t e r ,  
s p e c i f y  t h e  type  of a p p l i c a t i o n  ( i n d u s t r i a l  o r  residential/commer- 
c ia l ) ,  execute and ex i t  t h e  program, and perform o t h e r  program 
s p e c i f i c a t i o n s ,  OPTIONS 10 through 53 a l low t h e  u s e r  t o  inpu t  spe- 
c i f i c  parameter va lues  f o r  r e source  c h a r a c t e r i s t i c s  (e.g., wellhead 
tempera ture) ,  demand cond i t ions  (e.g., rate of market pene t r a t ion ) ,  
and f i n a n c i a l  cond i t ions  (e.g. ,  interest rate). To change a pa- 
rameter value, t h e  user enters t h e  op t ion ,  types  t h e  value, and 
then  p r e s s e s  t h e  r e t u r n  key; t h e  program responds by aga in  typ ing  
OPTION? Af te r  a l l  d e s i r e d  changes have been made, t h e  u s e r  may 
check t h e  c u r r e n t  set of va lues  be fo re  execut ing  t h e  program by 
c a l l i n g  OPTION 1. To o b t a i n  p r i n t o u t s  of model runs,  t h e  u s e r  cal ls  
OPTION 2 and s p e c i f i e s  a f i l e  name, composed of s i x  le t ters  followed 
by a per iod  and t h r e e  a d d i t i o n a l  letters. Once s p e c i f i e d ,  t h e  f i l e  
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remains open and r eco rds  r e s u l t s  u n t i l  c losed.  
no t  s p e c i f i e d  f o r  OPTION 2 ,  no l i n e  p r i n t e r  record of t h a t  run  
w i l l  be made. 
t o  t h e  c o s t  of ope ra t ing  t h e  program. 
some but  no t  a l l  runs ,  t h e  use r  should c l o s e  t h e  f i l e  by aga in  
c a l l i n g  OPTION 2 f o r  t h e  next  run  and no t  spec i fy ing  a f i l e  name, 
i .e. ,  merely p re s s ing  RETURN.) OPTION 3 may be  used t o  save a 
p a r t i c u l a r  s cena r io  f o r  la ter  use.  
I f  a f i l e  name i s  
(The use r  should n o t e  t h a t  c r e a t i o n  of a f i l e  adds 
I f  a f i l e  i s  des i r ed  f o r  
OPTION 7 executes  t h e  program. F i n a l  r e s u l t s  are d isp layed  
on t h e  u s e r ' s  terminal .  Af te r  i t  i s  run,  t h e  program i n d i c a t e s  
i t s  r ead iness  t o  accept  another  set of va lues  f o r  t h e  next  run by 
p r i n t i n g  OPTION? The user should n o t e  t h a t  t h e  va lues  inpu t  from 
t h e  previous  run are s t i l l  i n  e f f e c t .  
d i v i d u a l l y  or t h e  use r  may r e t u r n  t o  t h e  o r i g i n a l  set of base  case 
va lues  by c a l l i n g  OPTION 3 .  
use r  e x i t s  t h e  program by c a l l i n g  OPTION STOP. Once program ex- 
ecu t ion  ends, t h e  u s e r  may r eques t  t h a t  h i s  f i l e s  b e  d i r e c t e d  t o  
t h e  l i n e  p r i n t e r .  
They may be changed in-  
Af t e r  a l l  runs  have been made, t h e  
This  overview has  presented  some areas of t h e  model i n  rel- 
a t i v e l y  l i t t l e  d e t a i l .  
on how s p e c i f i c  r e source  and economic cond i t ions  are modeled i n  
GRITS. 
Appendix A d e s c r i b e s  t h e  more important engineer ing  formulas and 
t e c h n i c a l  r e l a t i o n s h i p s  in te rna l  t o  t h e  model; and Appendix B lists 
a l l  t h e  op t ions  c u r r e n t l y  a v a i l a b l e  i n  GRITS. 
Sec t ion  2 provides  a d d i t i o n a l  information 
Sec t ion  3 is  a u s e r ' s  guide t o  running t h e  GRITS program; 
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2. MODELING RESOURCE, DEMAND, AND FINANCIAL CONDITIONS 
MODELING RESOURCE CONDITIONS 
Product ion and Re in jec t ion  Wells 
GRITS may be used t o  model s i n g l e  o r  m u l t i p l e  w e l l  systems 
wi th  subsur face  o r  s u r f a c e  d i s p o s a l  of spent  geothermal f l u i d s .  
The number of product ion and r e i n j e c t i o n  w e l l s  i s  s p e c i f i e d  
through OPTIONS 42 and 4 3 ,  r e spec t ive ly .  The cos t  of each type  of 
w e l l  ( exc lus ive  of pumps) is  a func t ion  of depth.  Defaul t  va lues  
c u r r e n t l y  i n  t h e  model are: one product ion and one r e i n j e c t i o n  
w e l l  each 5,000 f e e t  deep and an unmodified w e l l  c o s t  func t ion ,  
L e . ,  a c o s t  c o e f f i c i e n t  of 1. The cos t  func t ion  c o e f f i c i e n t  may 
be  modified by t h e  use r  by OPTION 16 (see p. 6 9 ) .  
Ext rac t ion  and Re in jec t ion  Pumping Energy Requirements 
Product ion w e l l  pumping energy requirements  are func t ions  
of t h e  volume of water ex t r ac t ed  and t h e  d i s t a n c e  it must be 
l i f t e d  t o  t h e  sur face .  Re in jec t ion  energy i s  assumed t o  equal  
up-well pumping wi th  a p ropor t iona l  adjustment f o r  r e i n j e c t i o n  t o  
a d i f f e r e n t  depth; i n  o t h e r  words, t h e  requirement i s  m u l t i p l i e d  
by t h e  r a t i o  of t h e  r e i n j e c t i o n  w e l l  depth t o  t h a t  of t h e  pro- 
duct  i on  w e l l .  
Demand cond i t ions ,  water temperature  drop a c r o s s  t h e  w e l l -  
head hea t  exchanger, and t h e  maximum flow rate determine t h e  vol-  
ume of water ex t r ac t ed .  Required l i f t  i s  inpu t  through OPTION 2 6 ,  
drawdown." T h i s  level ,  measured as a f r a c t i o n  of product ion w e l l  
depth,  is t h e  average level t o  which t h e  water i n  t h e  w e l l  f a l l s  
as a r e s u l t  of e x p l o i t a t i o n  of t h e  r e s e r v i o r .  Ar t e s i an  pressure ,  
which t y p i c a l l y  provides  some flow a t  t h e  s u r f a c e  without  pumping, 
may be  s u f f i c i e n t  i n  c e r t a i n  cases t o  meet demand. I n  t h i s  case, 
pumping is  n o t ' r e q u i r e d ;  a zero value f o r  drawdown would r e f l e c t  
t h i s  condi t ion .  
I t  
For many s i t u a t i o n s ,  f low rates and t h e  amount of pumping 
energy requi red  are economic t rade-of fs .  The n a t u r e  of t h i s  i n t e r -  
r e l a t i o n s h i p  depends on t h e  c h a r a c t e r i s t i c s  of t h e  r e s e r v o i r  under 
study. OPTION 32 i npu t s  maximum flow a t t a i n a b l e  from an  average 
w e l l .  Both flow and drawdown may be s p e c i f i e d  as time-dependent 
func t ions ;  f o r  example, drawdown may i n c r e a s e  over  t i m e  even wi th  
a cons tan t  f low rate because of reduced p res su re  wi th in  t h e  aqu i f e r .  
To keep GRITS gene ra l ly  app l i cab le ,  t h e  model accep t s  any combina- 
t i o n  of va lues  f o r  OPTIONS 26 and 3 2 .  The use r  may conduct 
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s e n s i t i v i t y  ana lyses  regard ing  t h e  economic n a t u r e  of t h e  t rade-off  
by hypothesizing vary ing  r e l a t i o n s h i p s  between t h e  flow and draw- 
down and determining t h e  po in t  on each func t ion  t h a t  r e s u l t s  i n  t h e  
lowest  c o s t  f o r  t h e  energy produced. 
Because u s u a l l y  l i t t l e  i s  known about t h e  p rospec t ive  re- 
sources ,  t h e  drawdown i s  usua l ly  s p e c i f i e d  according t o  some 
s t y l i z e d  hypo the t i ca l  t r end  over t i m e .  However, i f  c e r t a i n  in fo r -  
mation on a q u i f e r  c h a r a c t e r i s t i c s  i s  known, GRITS can be used t o  
model t h e  annual drawdown, and i n  t u r n  t h e  pumping energy, based on 
t h e  a q u i f e r  parameters and pumping cyc le .  (This  i s  incorpora ted  i n  
t h e  drawdown OPTION 26, and supersedes t h e  s e p a r a t e  BIGMAC program, 
Ref. 4 . )  
Both t h e  s i z e  of submersible  pumps f o r  t h e  product ion w e l l  
and t h e  s i z e  of s u r f a c e  pumps f o r  t h e  r e i n j e c t i o n  w e l l  are de te r -  
mined as a func t ion  of t h e  flow and drawdown. The l i f e  of t h e s e  
pumps i s  s p e c i f i e d  through OPTION 15. Or ig ina l  c o s t  and annual 
maintenance are a func t ion  of s i z e  ( see  pages 78 through 81). The 
c o s t  of each k i lowa t t  hour of e l e c t r i c i t y  t o  o p e r a t e  t h e  pumps i s  
s p e c i f i e d  through OPTION 20. The number of hours  t h e  pumps ope ra t e  
dur ing  a year  depends on t h e  volume of water e x t r a c t e d  from a w e l l ,  
which i n  t u r n  depends upon t h e  u t i l i z a t i o n  level (see page 27) .  
Thermal Output of t h e  Well 
The maximum n e t  hour ly  output  of energy de l ive red  t o  t h e  
t ransmiss ion  l i n e  from t h e  wellhead h e a t  exchanger depends on t h e  
wellhead r e source  temperature  (OPTION ll), t h e  reject  temperature  
(OPTION 21) ,  and t h e  maximum f low rate (OPTION 32) .  U t i l i z a t i o n  
of t h i s  energy depends on demand cond i t ions  (see pages 55 through 
63). 
Cent ra l  Heat Exchanger 
A 7'F temperature  drop a c r o s s  t h e  wellhead hea t  exchanger 
i s  assumed. Cost estimates internal  t o  t h e  model assume a p l a t e  
t ype  cons t ruc t ion  wi th  an  expected l i f e  of 10 yea r s  ( see  page 86).  
t h e  h e a t  exchanger c o s t  func t ion  c o e f f i c i e n t  (OPTION 17) and ap- 
p r o p r i a t e  changes i n  expected equipment l i f e t i m e  (OPTIBN 15) .  A 
zero va lue  f o r  OPTION 1 7  may be used t o  s imula te  an a p p l i c a t i o n  i n  
which t h e  geothermal f l u i d s  are s e n t  d i r e c t l y  through t h e  t r a n s p o r t  
and d i s t r i b u t i o n  pipes .  
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Storage Tank 
I n  order  t o  minimize drawdown and t h e r e f o r e  pumping energy, 
i t  is advantageous t o  pump longer  per iods  of t i m e  a t  slower rates 
t o  reduce wear on t h e  pumps. Thus, a s t o r a g e  tank  near t h e  w e l l -  
head h e a t  exchanger may be d e s i r a b l e .  The use r  i n d i c a t e s  t h e  ca- 
p a c i t y  of t h i s  tank  as t h e  number of hours of s t o r a g e  a t  maximum 
flow from t h e  w e l l  (OPTION 2 4 ) .  The cos t  of t h e  tank  i s  a func t ion  
of capac i ty  (see page 87). The d e f a u l t  value is  two hours  of s t o r -  
age; a zero va lue  f o r  OPTION 24 eliminates t h e  tank  c o s t .  
Transmission Line 
The l eng th  of t h e  t ransmiss ion  l i n e  from t h e  wellhead t o  
t h e  i n d u s t r i a l  u se r  o r  d i s t r i c t  d i s t r i b u t i o n  system is s p e c i f i e d  
through OPTION 38. 
number of w e l l s  and t h e  maximum flow per  w e l l .  
c o s t s  and pumping energy requirements depend on t h e  t o t a l  f low and 
t h e  l e n g t h  of t h e  t ransmiss ion  pipe.  
wellhead t o  d i s t r i b u t i o n  po-int and back t o  t h e  wellhead i s  assumed 
t o  e l i m i n a t e  t h e  e f f e c t  of modest changes i n  e l e v a t i o n  over  t h e  
t ransmiss ion  d i s t ance .  The use r  i s  allowed g r e a t  f l e x i b i l i t y  i n  
spec i fy ing  t h e  conf igu ra t ion  of t h e  t ransmiss ion  system, inc luding  
in t e rconnec t ions  among a number of product ion and r e i n j e c t i o n  w e l l s .  
I n  t h i s  way, a v a r i e t y  of a l t e r n a t i v e  des igns  can be l a i d  out  out-  
s i d e  t h e  model and then  t e s t e d  f o r  t h e i r  e f f e c t  on c a p i t a l  and 
pumping c o s t s .  
The c o s t  per  m i l e  of t h i s  l i n e  depends on t h e  
Transmission pump 
The c losed  loop system from 
MODELING DEMAND CONDITIONS 
U t i l i z a t i o n  Level of t h e  Resource 
On t h e  basis of wellhead temperature ,  reject temperature ,  
and maximum flow rate, each geothermal w e l l  is  capable  of providing 
a c a l c u l a t e d  amount of energy per  hour. 
v a r i a b l e  condi t ions  (such as t h e  i n d u s t r i a l  product ion cyc le ,  weath- 
er cond i t ions ,  o r  t h e  e x t e n t  of market p e n e t r a t i o n ) ,  t h e  volume of 
water ex t r ac t ed  from t h e  w e l 1 , w i l l  o f t e n  be. less than  t h e  maximum 
and a t  times w i l l  drop 'to' zero.  U t i l i z a t i o n  r e f e r s  t o  t h a t  f r ac -  
t i o n  of t h e  t o t a l  annual amount of energy a v a i l a b l e  from a w e l l  
ope ra t ing  a t  capac i ty  around t h e  c lock  t h a t  t h e  use r  r e q u i r e s .  
Since demand i s  based on 
The annual u t i l i z a t i o n  f a c t o r  f o r  t h e  i n d u s t r i a l  r o u t i n e  i n  
GRITS i s  s p e c i f i e d  through OPTION 31. For t h e  residential/commer- 
cia1 rou t ine ,  t h e  u t i l i z a t i o n  lev,el i s - a  c a l c u l a t e d  va lue  based on 
t h e  number and types  of b u i l d i n g s  on t h e  community hea t ing  system 
(OPTIONS 13 and 45 through 48), t h e  temperature  d a t a  f o r  t h e  r eg ion  
(OPTION lo), and t h e  design temperature  (OPTION 1 4 ) ,  which de te r -  
mine t h e  re la t ive s i z e  of t h e  geothermal base  load and t h e  f o s s i l  
f u e l  peaking load.  
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Community Heating Systems 
Areas Being Served. GRITS may be used t o  s imula te  a geo- 
thermal-supplied community hea t ing  system i n  any area f o r  which 
t h e  hourly temperature  d a t a  are ava i1able . l  
U.S. c i t i e s  whose d a t a  are s t o r e d  i n  a l i b r a r y  f i l e  a c c e s s i b l e  by 
GRITS. U s e  of t h e  hour ly  d a t a  r a t h e r  than  t h e  degree day in fo r -  
mation f r equen t ly  used i n  o t h e r  models l e t s  t h e  use r  opt imize t h e  
re la t ive  s i z e  of t h e  peaking system ( see  below). 
Table 1 l i s t s  t h e  
GeothermaZ Base/FossiZ Fuel Peaking Loads. When t h e  level 
of demand depends p r imar i ly  on o u t s i d e  temperature ,  i t  i s  h igh ly  
i n e f f i c i e n t  t o  restrict  t h e  s i z e  of t h e  system so  t h a t  each cus- 
tomer's  peak demand can be served by t h e  geothermal w e l l  a lone.  
I f  t h e  system i s  expanded s o  t h a t  w e l l  c apac i ty  is  reached a t  some 
w a r m e r  temperature  (e.g. ,  35'F), u t i l i z a t i o n  inc reases  and t h e  
f ixed  c o s t s  are spread out  over a l a r g e  number of customers. The 
o u t s i d e  temperature  a t  which t h e  geothermal w e l l  reaches capac i ty  
i s  t h e  design temperature  (OPTION 14)  of t h e  system. 
A peaking system serves incremental  demand as t h e  o u t s i d e  
temperature  f a l l s  below t h e  des ign  temperature.  
customers may provide t h e i r  own peaking p l a n t s ,  it appears  t o  be 
b e t t e r  economically t o  provide  t h i s  capac i ty  by t h e  community heat-  
ing  system. Among t h e  f a c t o r s  favor ing  t h i s  approach are h igher  
u t i l i z a t i o n  of t h e  d i s t r i b u t i o n  system and lower f u e l  c o s t s  t o  t h e  
system compared t o  those  t o  i n d i v i d u a l  ope ra to r s  ( f o r  example, bu lk  
purchases  o r  t h e  p o s s i b l e  use  of c o a l  i n  p l a c e  of o i l ) .  OPTION 29 
inpu t s  t h e  c o s t  of peaking f u e l  i n  d o l l a r s  per  m i l l i o n  Btu. This  
va lue  may be inpu t  as a cons t an t  o r  a p r i c e  t rend .  The amount of 
f u e l  requi red  i s  a c a l c u l a t e d  va lue  based on t h e  s i z e  of t h e  system, 
t h e  temperature  d a t a ,  and t h e  des ign  temperature .  The c o s t  of t h e  
peaking b o i l e r s  per  100,000 Btu pe r  hour of capac i ty  is  inpu t  
through OPTION 30. 
temperature  (OPTION 28), which t y p i c a l l y  would be somewhat below 
t h e  c o l d e s t  average temperature  t o  provide a margin of s a f e t y .  
OPTION 28 may a l s o  be used t o  en la rge  t h e  b o i l e r  capac i ty  s u f f i -  
c i e n t l y  t o  provide as much backup (emergency) power as des i r ed .  
While ind iv idua l  
Peaking capac i ty  i s  based on t h e  minimum ambient 
1. A t  t h i s  t i m e ,  hour ly  temperature  d a t a  f o r  t h e  134 c i t i e s  i n  
Table 1 are i n  t h e  model; i t  can accept  such d a t a  f o r  any o t h e r  
region.  
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TABLE 1 












Los Angeles, California 
Oakland, California 
Sacramento, California 
San Diego, California 
San Francisco, California 




















Springfield , Illinois 
Evansville, Indiana 
Fort Wayne, Indiana 
Indianapolis, Indiana 
South Bend, Indiana 
Des mines, Iowa 





Baton Rouge, Louisiana 
Lake Charles, Louisiana 












Kansas City, Missouri 
Saint Louis, Missouri 
Springfield, Missouri 
Great Falls, Montana 
Omaha, Nebraska 
Las Vegas, Nevada 
Reno, Nevada 
Atlantic City, New .Terse$ 
Newark, New Jersey 
Albuquerque, New Mexico 
Albany, New York 
Binghamton, New York 
Buffalo, New York 
New York, New York 
Rochester, New York 
Syracuse, New York 
Charlotte, North Carolina 
Greensboro, North Carolina 
Raleigh, North Carolina 
Winston-Salem, North Carolina 
















Providence, Rhode Island 
Charleston, South Carolina 
Columbia, South Carolina 
Huron, South Dakota 








Corpus Christi, Texas 
Dallas, Texas 
El Paso, Texas 






San Antonio, Texas 
Waco, Texas 
Wichfta Falls, Texas 







San Juan, Puerto Rico 
Charleston, West Virginia 




- *Listed alphabeticallv by state 
Notes : 
1. Weather data for Richmond, Virginia are actually used for Salisbury, Maryland. 
2. Weather data for Wilmington, Delaware are actually used for Atlantic City, 
New Jersey. 
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The use r  may opt imize t h e  design temperature  by vary ing  t h i s  
parameter u n t i l  t h e  lowest  discounted average cos t  f o r  each u n i t  of 
energy is found. GRITS al lows a use r  t o  loop through a range of 
des ign  temperatures  i n  one ope ra t ion  i n  o rde r  t o  f i n d  t h i s  optimum. 
The p r i n c i p a l  determinants  of t h e  optimum are t h e  pumping energy 
requirements  f o r  t h e  geothermal h e a t  and t h e  c o s t  of t h e  peaking 
f u e l .  
r i s k  of system f a i l u r e  i f  t h e  w e l l  should temporar i ly  shu t  down. 
A l a r g e r  peaking system may a l s o  be viewed as reducing t h e  
Distribution System. The l e n g t h  of t h e  d i s t r i b u t i o n  system 
f o r  a commercial area i s  a user -spec i f ied  inpu t  (OPTION 50). 
l eng th  f o r  t h e  res ident ia l /commerc ia l  area i s  a ca l cu la t ed  va lue  
based on t h e  housing type  and t h e  market s a t u r a t i o n  l e v e l  ( i .e. ,  
t h e  f r a c t i o n  i n  a given area of a l l  housing u n i t s  t h a t  u l t i m a t e l y  
j o i n  t h e  system). 
bu t ion  system i s  inpu t  through OPTION 22. The c o s t  is  assumed t o  
r e f l e c t  p r i o r  op t imiza t ion  of p ipe  s i z e s  and i n s u l a t i o n  th icknesses .  
GRITS uses  a d e f a u l t  va lue  of $250,000 pe r  m i l e  f o r  t h e  c o s t  of t h e  
i n s t a l l e d  d i s t r i b u t i o n  system. 
The 
The c o s t  f o r  each m i l e  of t h e  i n s t a l l e d  d i s t r i -  
The rate a t  which t h e  d i s t r i b u t i o n  system i s  i n s t a l l e d  is  
s p e c i f i e d  through OPTION 35 as t h e  f r a c t i o n  of t h e  t o t a l  i n s t a l l e d  
each year .  Although t h i s  ra te  is  independent of t h e  rate of market 
pene t r a t ion ,  i t  should exceed o r  a t  l eas t  equal  t h e  combined rate 
of market p e n e t r a t i o n  f o r  t h e  commercial and r e s i d e n t i a l  po r t ions  
of t h e  system. 
ComerciaZ Area. The u s e r  models t h e  s i z e  and makeup of t h e  
commercial area by spec i fy ing  how many bu i ld ing  types  are being 
served (OPTION 4 5 ) ,  t h e  average f l o o r  space f o r  each type  (OPTION 
4 6 ) ,  and t h e  number of b u i l d i n g s  of each type  (OPTION 4 8 ) .  The 
hea t ing  requirements  of t h e  commercial f l o o r  space i n  Btu per  
square  f o o t  pe r  degree day and t h e  s a n i t a r y  ho t  w a t e r  requirements  
i n  Btu pe r  square  f o o t  pe r  day are inpu t  through OPTION 47.  
The hookup c o s t  f o r  each commercial bu i ld ing ,  s p e c i f i e d  by 
OPTION 49, i nc ludes  t h e  c o s t s  of l ay ing  t h e  s e r v i c e  p ipe  from t h e  
d i s t r i b u t i o n  system t o  t h e  bu i ld ing  and t h e  c o s t  of t h e  energy 
meter t o  monitor consumption. 
ResidentiaZ Area. I n  order  t o  determine t h e  number of hous- 
ing  u n i t s  of a given type  o r  mixture  of types  t h a t  may be served 
by t h e  combined res ident ia l /commerc ia l  system, commercial demand 
a t  t h e  design temperature is sub t r ac t ed  from t h e  energy a v a i l a b l e  
from each geothermal w e l l  a t  maximum flow. 
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GRITS inc lude  f i v e  housing types1 : single-f  amily suburban, 
The u s e r  may mix t h e s e  f i v e  types  i n  any combination, 
R e s i d e n t i a l  do- 
s ing le- fami ly  dense, townhouses, garden apartments ,  and h igh - r i s e  
apar tments .  
us ing  OPTION 13. 
housing type2  are a l s o  s p e c i f i e d  us ing  OPTION 13. 
mest ic  hot-water hea t  i s  i n p u t ,  using OPTION 39. 
Space hot-water h e a t i n g  requirements  f o r  each 
Se lec t ion  of t h e  housing type a l s o  determines t h e  d e n s i t y  
of t h e  u n i t s  and hence t h e  l eng th  of t h e  d i s t r i b u t i o n  system. 
fol lowing d e n s i t i e s 1  are assumed f o r  each 400 by 200 f t  b lock  
( s t r e e t  c e n t e r  t o  street c e n t e r )  i n  a g r i d  system: s ingle- fami ly  
suburban, 7 u n i t s ;  s ingle-family dense, 13 u n i t s ;  townhouses, 32 
u n i t s ;  garden apartments ,  50 u n i t s ;  and h igh - r i s e  apar tments ,  120 
u n i t s  . 
The 
Hookup c o s t s  p e r  housing u n i t ,  s p e c i f i e d  through OPTION 18, 
The c o s t s  w i l l  gene ra l ly  be much lower 
r e f l e c t  t h e  l ay ing  of p ipe  from t h e  street c e n t e r  t o  t h e  housing 
u n i t  and t h e  energy meter. 
on a pe r  u n i t  b a s i s  f o r  apar tments ,  which can s h a r e  t h e  s e r v i c e  
p ipes ,  t h e  meters, o r  both. 
Market Saturation. To r e f l e c t  cond i t ions  under which no t  
a l l  housing u n i t s  i n  a given area j o i n  a community hea t ing  system, 
a market s a t u r a t i o n  l e v e l  (OPTION 34) of less than 100% is  used. 
As market s a t u r a t i o n  d e c l i n e s ,  t h e  l eng th  of t h e  d i s t r i b u t i o n  sys- 
t e m  r equ i r ed  t o  serve t h e  u n i t s  t h a t  do j o i n  t h e  system i n c r e a s e s .  
The market s a t u r a t i o n  l e v e l  r e f l e c t s  t h e  relative competi- 
t ive p o s i t i o n  of t h e  community hea t ing  system and t h e  conversion 
c o s t s  f o r  each type  of housing u n i t .  
a i r  o r  hot-water r a d i a t o r  h e a t )  may have modest conversion c o s t s ,  
whi le  o t h e r s  ( those  wi th  e l e c t r i c  baseboard hea t ing )  may f a c e  very  
high conversion costs. 
Some u n i t s  ( t hose  wi th  forced  
Rate of Market Penetration. As noted above, t h e  model f i r s t  
c a l c u l a t e s  t h e  number of housing u n i t s  t o  be served and then  d e f i n e s  
a service area on t h e  assumption t h a t  a s p e c i f i c  propor t ion  of t h e  
u n i t s  i n  t h i s  area w i l l  no t  j o i n  t h e  system. 
f o r  geothermal h e a t - i s  def ined  on. t h e  b a s i s  of t h e  d e s i r e d  number 
of customers and t h e  d e n s i t y  of u n i t s  expected t o  j o i n  t h e  system. 
The "rate of market pene t r a t ion"  r e f e r s ,  t hen  t o  t h e  pace a t  which 
Thus, t h e  "market" 
1. These are modeled g e n e r a l l y  a f t e r  t hose  . i n  GEOCITY (Ref. 10) 
2. These are modeled g e n e r a l l y  on d a t a  suppl ied  by t h e  Brookhaven 
Nat iona l  Laboratory (Ref. 11). 
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t h e  predetermined number of customers,  d i s t r i b u t e d  over an area 
of s p e c i f i e d  s i z e ,  j o i n s  t h e  system. The d i s t r i b u t i o n  of j o i n i n g  
over t i m e  depends on t h e  user -spec i f ied  f u n c t i o n a l  form. It i s  
important  t o  remember t h a t ,  when t h i s  form i s  not  l i n e a r ,  a "rate" 
of p e n e t r a t i o n  r e f e r s  t o  s p e c i f i c  va lues  f o r  t h e  parameters  i n  
t h e  func t ion  and not  t o  t h e  rate of any s i n g l e  year .  
OPTIONS 1 9  and 51  inpu t  t h e  rates of r e s i d e n t i a l  and com- 
The use r  f i r s t  selects t h e  appropri-  mercial market pene t r a t ion .  
a te  func t ion ,  (e .g . ,  l i n e a r  o r  l o g ) .  Depending on t h e  func t ion  
s e l e c t e d ,  t h e  program r e q u e s t s  i n p u t s  spec i fy ing  i n i t i a l  va lues ,  
annual increments ,  o r  year  of near-complete pene t r a t ion .  For ex- 
ample, i f  t h e  use r  selects a l i n e a r  func t ion ,  t h e  program r e q u e s t s  
t h e  fol lowing inpu t s :  i n i t i a l  percentage of housing o r  commercial 
u n i t s  on t h e  system and annual i nc rease  as a percentage of t h e  
f i n a l  number of u n i t s  on t h e  system. 
U t i l i z a t i o n  of t h e  r e source  w i l l  rise as t h e  system pene- 
trates i ts  market more completely each year. A f t e r  the s y s t e m  
reaches ma tu r i ty  ( i . e . ,  100% market pene t r a t ion  f o r  both res iden-  
t i a l  and commercial areas), u t i l i z a t i o n  becomes cons t an t .  
Since drawdown i s  r e l a t e d  t o  f low and hence t o  u t i l i z a t i o n  
of t h e  w e l l ,  t h e  drawdown s p e c i f i e d  i n  OPTION 26 i s  assumed t o  
occur only  when drawdown approaches t h e  l e v e l  s p e c i f i e d  a t  t h e  
same rate as t h e  system approaches ma tu r i ty ,  i . e . ,  t h e  rate of 
market pene t r a t ion .  
I n d u s t r i a l  Process  Heating System 
Unlike t h e  community hea t ing  system, t h e  market f o r  indus- 
t r i a l  process  hea t  is  no t  cha rac t e r i zed  by t h e  d i s t r i b u t i o n  of 
many small u s e r s  over a l a r g e  area. Since only a few (o r  even one) 
major u s e r s  r ep resen t  s u f f i c i e n t  demand f o r  a geothermal resource ,  
t h e  i n d u s t r i a l  r o u t i n e  does no t  need t o  cons ider  t h e  market f a c t o r s  
included i n  t h e  community hea t ing  system a n a l y s i s  nor a v a r i a b l e  
demand dependent on ambient temperature .  
t h e  energy from t h e  wellhead t o  t h e  u s e r ' s  p l a n t  g a t e ,  and t h e  
p ropor t ion  of t h e  w e l l  ou tput  i nd ica t ed  by t h e  u t i l i z a t i o n  f a c t o r  
i s  used by t h e  process  h e a t  user .  
The system t r a n s p o r t s  
MODELING FINANCIAL CONDITIONS 
Economic Accounting Measures 
The two p r i n c i p a l  summary measures provided by GRITS are 
t h e  discounted average c o s t  pe r  m i l l i o n  Btu and t h e  n e t  p re sen t  
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va lue  of t h e  system a t  t h e  end of t h e  p r o j e c t  eva lua t ion  per iod  
( p r o j e c t  l i f e t i m e ) .  The program a l s o  c a l c u l a t e s  t h e  year  i n  which 
break-even occurs ,  t h e  t o t a l  c a p i t a l  c o s t  f o r  t h e  system, and o t h e r  
measures. 
The discounted average cos t  is  a u s e f u l  measure because wi th  
only minor adjustments  i t  may be compared d i r e c t l y  wi th  t h e  cos t  
of o t h e r  space hea t ing  f u e l s .  
an i n d i c a t o r  of t h e  growth p o t e n t i a l  f o r  t h e  investment i n  t h e  geo- 
thermal system. OPTION 40 al lows t h e  use r  t o  select one o r  both of 
t h e s e  measures. 
The n e t  p re sen t  va lue  i s  u s e f u l  as 
The discounted average cos t  i nc ludes  both geothermal and 
peaking energy ou tpu t s  and c o s t  f o r  t h e  e n t i r e  product ion and u t i l -  
i z a t i o n  system. To permit eva lua t ion  of s t r i c t l y  geothermal-re- 
l a t e d  c o s t s  and ou tpu t s ,  t h e  discounted average wellhead c o s t s  per  
m i l l i o n  geothermal Btu are a l s o  output .  
The t o t a l  cap i t a l  c o s t s  are simply t h e  sum of t h e  unamor- 
Typica l ly ,  a very  h igh  propor t ion  of t hese  c o s t s  i s  
t i z e d  o u t l a y s  f o r  i n i t i a l  system components, exc lus ive  of replace-  
ment c o s t s .  
incur red  i n  t h e  f i r s t  year  of t h e  u t i l i z a t i o n  phase; hence t h e  
c a p i t a l  c o s t s  are r e f e r r e d  t o  he re  as " i n i t i a l  c a p i t a l  cos ts .1 t  
This  measure i s  a u s e f u l  i n d i c a t o r  of t h e  s i z e  of t h e  i n i t i a l  in-  
vestment r equ i r ed  t o  u t i l i z e  t h e  geothermal energy. 
Ca lcu la t ion  of t h e  n e t  present  va lue  r e q u i r e s  an assumed 
s e l l i n g  p r i c e  f o r  t h e  geothermal deve loper ' s  energy output .  
i ng  p r i c e  i s  inpu t  through OPTION 3 6 .  Current ly ,  t h e  d e f a u l t  
p r i c e  is  pegged t o  70% of t h a t  assumed f o r  e l e c t r i c i t y  (OPTION 20). 
S e l l -  
I n  a d d i t i o n ,  GRI'I'S calculates the savings i n  ope ra t ing  cos ts  
due t o  t h e  use  of geothermal energy in s t ead  of f o s s i l  f u e l .  These 
are repor ted  i n  undiscounted d o l l a r s  by t h e  program, and when t h e  
cumulative sav ings  exceed t h e  i n i t i a l  c a p i t a l  investment,  "payback" 
i s  s a i d  t o  have occurred. 
Evaluat ion Period o r  Li fe t ime of P r o j e c t  
The eva lua t ion  pe r iod ,  o r  p r o j e c t  l i f e t i m e ,  is composed of 
a resource  assessment phase and a u t i l i z a t i o n  phase. The assess- 
ment phase i s  modeled i n  a very  gene ra l  manner as a t o t a l  annual  
assessment c o s t  occur r ing  over  a s p e c i f i e d  per iod (OPTION 41) be- 
f o r e  u t i l i z a t i o n  of t h e  resource .  
and t e s t i n g  c o s t s ,  as w e l l  as l i c e n s i n g ,  permit a c q u i s i t i o n ,  and 
o t h e r  requirements.  The u t i l i z a t i o n  phase i s  c a l c u l a t e d  as t h e  
t i m e  remaining i n  t h e  eva lua t ion  per iod (OPTION 33)  a f t e r  t h e  
assessment phase. The c u r r e n t  d e f a u l t  va lue  f o r  t h e  eva lua t ion  
per iod  is 20 y e a r s  w i th  no assessment phase. I f  t h e  use r  d e s i r e s  
This  per iod  r e f l e c t s  exp lo ra t ion  
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t h e  r e s u l t s  from only  a subse t  of yea r s  i n  t h e  eva lua t ion  per iod ,  
t h i s  r eques t  i s  made during execut ion of t h e  scena r io  (OPTION 7 ) ,  
no t  by changing t h e  l eng th  of t h e  eva lua t ion  per iod.  
A t  t h e  op t ion  of t h e  use r ,  a l l  c a p i t a l  equipment must ( o r  
might no t )  be paid o f f  be fo re  t h e  end of t h e  eva lua t ion  per iod .  
Annual C a p i t a l  Costs  
The nominal annual ized c o s t  of cap i ta l  loans  borrowed a t  an 
i n t e r e s t  rate of "if' and repa id  over a per iod of "T" yea r s  i s  
determined by mul t ip ly ing  t h e  amount borrowed by the  c a p i t a l  re- 
covery f a c t o r  (CRF): 
Amount borrowed x { i  f [(l + i ) T  - 13 + i) . 
The CRF i s  ca l cu la t ed  s e p a r a t e l y  f o r  each major component of t h e  
f ixed  p l a n t  on t h e  basis of e i ther  i t s  amor t iza t ion  per iod (which 
may be s h o r t e r  than  i t s  u s e f u l  phys i ca l  l i f e )  o r  t h e  end of t h e  
p r o j e c t  eva lua t ion  pe r iod ,  i f  t h e  amor t iza t ion  per iod i s  chosen t o  
be r e s t r i c t e d  t o  t h a t  (bo th  t h e  phys ica l  l i f e  and amor t iza t ion  
per iod are s p e c i f i e d  i n  OPTION 15). 
must end by t h e  end of t h e  p r o j e c t  eva lua t ion  per iod ,  a l l  debt  
w i l l  have been repa id  by t h a t  t i m e .  OPTION 27 i n p u t s  t h e  i n t e r e s t  
rate. 
I f  t h e  amor t iza t ion  per iod 
When c o s t s  are c a l c u l a t e d - i n  rea l  d o l l a r s  (OPTION 25) ,  t he  
model "de f l a t e s "  t h e  va lue  of t h e  annual debt  service payment by 
t h e  rate of i n f l a t i o n .  Thus f o r  i n f l a t i o n  r a t e  "r," t h e  model 
va lues  t h e  annual debt  s e r v i c e  payments i.n year  "t" as, 
T Amount borrowed x { i  5 [(l + i )  - 11 + i) . 
(1 + r ) t  
For example, a w e l l  c o s t i n g  $400,000 f inanced a t  12% i n t e r e s t  over 
20 yea r s  had a nominal annual c o s t  of about $53,500. In  t h e  i n i -  
t i a l  year  (Year 0) of t h e  u t i l i z a t i o n  phase,  t h e  real va lue  and 
nominal va lue  co inc ide .  If i n f l a t i o n  has  progressed a t  an annual 
ra te  of 8% s i n c e  t h e  s t a r t  of t h e  u t i l i z a t i o n  phase,  t h e  real  va lue  
of t h e  annual  w e l l  c o s t  i n  Year 4 is  about $39,000. 
Debt Financing 
Curren t ly ,  GRITS assumes t h a t  a l l  c a p i t a l  c o s t s  are f inanced 
through debt  and t h a t  a l l  ope ra t ing  c o s t s  are  financed through 
revenues.  This  r e s t r i c t i o n  makes t h e  f i n a n c i a l  s imula t ion  less 
rea l i s t ic ,  but  in t roduces  only r e l a t i v e l y  minor d i s t o r t i o n s  i n  
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pre l iminary  ana lyses ,  
bonds) o r  e q u i t y  (e.g., common s t o c k ) ,  i n v e s t o r s  w i l l  r e q u i r e  s i m -  
i l a r  l e v e l s  of r e t u r n  f o r  investments  wi th  a given l e v e l  of per- 
ceived r i s k .  Of course ,  i n v e s t o r s  w i l l  d i f f e r  i n  t h e i r  w i l l i ngness  
t o  accept  r i s k ,  i n  t h e i r  p reference  f o r  t h e  t iming of t h e  stream 
of r e t u r n s ,  and i n  t h e  t a x  l i a b i l i t y  of d i f f e r e n t  types  of r e t u r n s  
(such as dividends o r  i n t e r e s t  payments ve r sus  c a p i t a l  g a i n s ) .  
Such cons ide ra t ions  w i l l  be  important f o r  more comprehensive as- 
sessments s u i t a b l e  t o  a la te r  s t a g e  - i n  the eva lua t ion  process .  
However, p re l iminary  assessments  t h a t  are concerned wi th  more gen- 
eral  i s s u e s  a f f e c t i n g  p r o j e c t  v i a b i l i t y  are only  minimally a f f e c t e d .  
Whether they  are h o l d e r s  of debt  (e .g . ,  
Taxes 
A r o u t i n e  t o  c a l c u l a t e  t axes  i s  under cons ide ra t ion  but  is  
no t  y e t  implemented i n  GRITS. 
cons ide ra t ions  w i l l  have a r e l a t i v e l y  minor impact on t h e  outcome 
of pre l iminary  economic assessments.  Other f a c t o r s  such as long- 
t e r m  r e source  r e l i a b i l i t y  o r  t h e  c o s t  of competing f u e l s  are l i k e l y  
t o  be more unce r t a in  and thus  more c r u c i a l  i n  t h e  e a r l y  s t a g e s  of 
r e source  eva lua t ion .  
A s  f o r  t h e  method of f inanc ing ,  t a x  
I n t e r e s t  R a t e / I n f l a t i o n  Rate 
The i n t e r e s t  ra te  i s  composed of t h r e e  b a s i c  e lements:  a 
r a t e  of r e t u r n  r e f l e c t i n g  t i m e  p reference ,  a rate r e f l e c t i n g  in-  
vestment r i s k  assessment,  and t h e  expected r a t e  of i n f l a t i o n .  A 
15% i n t e r e s t  rate may be  composed of a 2% t i m e  p re fe rence  (an an- 
nua l  2% r e t u r n  f o r  a r i s k - f r e e  investment i n  a d d i t i o n  t o  compen- 
s a t i o n  f o r  i n f l a t i o n  over  t h e  y e a r ) ,  a 3% r i s k  assessment (a 3% 
r e t u r n  each year  as compensation f o r  t h e  p o s s i b i l i t y  t h a t  t h e  loan  
w i l l  n o t  be r epa id  as expec ted) ,  and a roughly 9 1 / 2 %  expected rate 
of i n f l a t i o n  over each year of the loan  repayment p e r i o d  - t hus  
y i e l d i n g  an interest  rate of (1.02)(1.03)(1.095) = 15%. 
The interest rate is  inpu t  through GPTION 27 and t h e  rate 
of expected i n f l a t i o n  through OPTION 25. Since they  are s p e c i f i e d  
independent ly ,  i t  i s  t h e  u s e r ' s  r e s p o n s i b i l i t y  t o  inpu t  an in- 
f l a t i o n  rate c o n s i s t e n t  w i th  h i s  i n t e r e s t  rate assumptions. De- 
f a u l t  va lues  f o r  t hese  rates.are 13.5% i n t e r e s t  and 8% i n f l a t i o n .  
The base  case assumes a l o w - r i s k  investment ,  o r  one i n  which t h e  
t a x  b e n e f i t s  (e .g . ,  municipal  bonds) permit t h e  i n v e s t o r  t o  use  
a lower before- tax real r e t u r n  f o r  time preference  and r i s k  premi- 
ums. 
The use  of a l oan  indexed t o  i n f l a t i o n  may be s imulated 
through a zero rate of i n f l a t i o n  and an i n f l a t i o n - f r e e  i n t e r e s t  
rate. 
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Discount Rate 
Returns  t h a t  come la ter  i n  a p r o j e c t  eva lua t ion  per iod  are 
gene ra l ly  valued less than  those  t h a t  come earlier (see page 21) .  
The most common approach t o  d iscount ing  a stream of r e t u r n s  is  t o  
apply a s i n g l e  d iscount ing  f a c t o r  t h a t  i nc reases  i n  a mul t ip l i ca -  
t i ve  manner over t i m e ,  i .e . ,  (1 + r ) t ,  where r i s  t h e  d iscount  
ra te  and t i s  t h e  number of yea r s  i n  t h e  f u t u r e  when t h e  r e t u r n  
is  expected. 
A t  a 2% discount  ra te ,  a r e t u r n  of $1.00 w i l l  be valued a t  
$0.98 t h e  next  yea r ,  $0.82 i n  10 yea r s ,  and $0.45 i n  40 years .  A t  
a 6% discount  rate, t h e s e  r e t u r n s  would b e  $0.94, $0.56, and $0.10. 
The d iscount  rate used i n  GRITS should r e f l e c t  a real rate, t h a t  
is ,  t h e  e f f e c t s  of t h e  gene ra l  rate should no t  be considered.  D i s -  
count rates may a l s o  inc lude  r i s k  premiums. 
Risk Assessment 
Considerable  u n c e r t a i n t y  exists i n  regard t o  t h e  long-term 
r e l i a b i l i t y  of s p e c i f i c  geothermal r e s e r v o i r s .  Wells, wellhead 
equipment, t h e  t ransmiss ion  system, and t h e  d i s t r i b u t i o n  system 
rep resen t  l a r g e  f ixed  investments  t h a t  must be incur red  even i f  
t h e  r e source  f a i l s  t o  meet expec ta t ions  o r  if demand l e v e l s  f a l l  
s h o r t  of p ro jec t ions .  Thus, p o t e n t i a l  i n v e s t o r s  may view geother- 
mal u t i l i z a t i o n  systems as involv ing  cons iderable  amounts of r i s k .  
The use r  may model t h e  level of r i s k  assessment by adding a " r i s k  
component" t o  t h e  i n t e r e s t  ra te  o r  t h e  d iscount  rate,  
t h e  i n t e r e s t  rate might be r a i s e d  from 12% t o  18% o r  t h e  d iscount  
ra te  from 2% t o  8%. Another approach i s  t o  sho r t en  t h e  p r o j e c t  
eva lua t ion  per iod ( f i n a n c i a l  l i f e t i m e ) .  Each of t hese  changes w i l l ,  
of course,  raise average c o s t  and lower n e t  p re sen t  value.  
approach r e f l e c t s  t h e  f a c t  t h a t  t h e  level  of r i s k  assessed  by po- 
t e n t i a l  p r i v a t e  i n v e s t o r s  is  a c o s t  t h a t  t h e  geothermal u t i l i t y  
can poss ib ly  be forced  t o  bear.  
For example, 
This 
Cost of Major C a p i t a l  Items 
GRITS inc ludes  i n t e r n a l  c o s t  formulas f o r  major system com- 
ponents.  
s p e c i f i e d  va lues  f o r  s i z e  and design of each component. 
g r e a t e r  f l e x i b i l i t y ,  c o s t  formulas f o r  several major components 
may be sca led  up o r  down t o  s u i t  l o c a l  condi t ions .  
The a c t u a l  c o s t  is  ca l cu la t ed  on t h e  b a s i s  of user- 
To al low 
Heat exchanger c o s t s  are c a l c u l a t e d  on t h e  b a s i s  of t h e  t e m -  
p e r a t u r e  drop ( A t )  a c r o s s  t h e  hea t  exchanger. To s imula te  t h e  use  
of s p e c i a l  materials, des igns ,  o r . even  t h e  absence of a c e n t r a l  
h e a t  exchanger, t h e  use r  may modify t h e  cos t  of t h i s  component by 
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a coefficient input through OPTION 17 (default value = 1.00). If 
the use of a different material (say, specially coated alloys) is 
simulated, the user may wish to change the expected life of the 
heat exchanger in OPTION 15. 
GRITS calculates well costs as a function.of depth. To 
account for different soil conditions or other factors affecting 
well drilling and completion costs, the user may input a value 
different from 1.00 in OPTION 16 to scale the cost estimate to the 
desired degree. 
The cost of an average mile of an installed dual-pipe dis- 
tribution system is input through OPTION 22. The estimate is a 
composite one for a portion of the distribution main and the secon- 
dary lines feeding from it. For most types of community heating 
systems, an average cost per mile is a very convenient and useful 
first approximation of the actual costs that would be found in a 
detailed calculation of pipe sizes for subsections of the system, 
optimal insulation thicknesses, and trenching costs. The default 
value in GRITS is $250,000 per mile. 
The storage tank cost is a function of capacity, which in 
turn is a function of the maximum flow rate (OPTION 32) and the 
storage time at maximum flow (OPTION 2 4 ) .  
The cost of each 100,000 Btu per hour of capacity for the 
peaking boilers is input through OPTION 30. Total boiler Btu ca- 
pacity is a calculated value based on the difference in demand at 
the design temperature (OPTION 14) and at the minimum ambient tem- 
perature down to which the system can supply all heating require- 
ments (OPTION 2 8 ) .  If the thermal output potential of the well 
declines as a result of values used for resource temperature or 
maximum flow, the capacity of the peaking system automatically 
expands to make up the difference. 
Expected physical and economic lifetimes for major capital 
components are input through OPTION 15. If a component such as the 
pumps has an expected useful physical life less than the project 
lifetime, it is replaced in the year following the end of its ex- 
pected lifetime. Equipment costs are amortized over the expected 
amortization period (financial lifetime), or if the user chooses, 
over the remaining years of the project evaluation period, which- 
ever is shorter. 
Operation and Maintenance Costs 
Operation and maintenance costs are calculated annually as 
a percentage of the capital investment in the project. 
value of 1% may be changed through OPTION 44. 
The default 
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Cost of Purchased Energy 
The use r  s p e c i f i e s  t h e  c o s t s  of peaking energy and elec- 
t r i c i t y  t o  ope ra t e  t h e  pumps through OPTIONS 29 and 20, respec- 
t i v e l y .  The d e f a u l t  va lue  f o r  peakine o i l  c o s t s  i s  $9.00 pe r  m i l -  
l i o n  Btu, r i s i n g  i n  real terms ( i . e . ,  a f t e r  a l lowing f o r  i n f l a -  
t i o n )  a t  a compound ra te  of 4% annual ly .  The d e f a u l t  p r i c e  t r end  
f o r  e l e c t r i c i t y  i s  $0.062 per  k i l o w a t t  hour ,  r i s i n g  a t  a compound 
rate of 2% annual ly .  
_-  
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3. RUNNING THE PROGRAM - A USER'S GUIDE 
This chapter presents a brief description of the program 
options available in the GRITS program that is currently running 
on the time sharing system of The Johns Hopkins University's DEC-10 
system at the Baltimore campus. 
or high-speed terminals from any location, over regular telephone 
lines. The summary descriptions of the program options should be 
sufficient for the user who has knowledge of the modeling concepts 
used in GRITS to operate the program immediately without further 
instruction. Prompts by the program are intended to be self-ex- 
planatory, and an on-line help message system is available. In 
addition, the current status of the scenario is always available 
for display at the terminal. 
The program is accessible to low- 
The values of most system parameters can be changed by the- 
program user, permitting a determination of the impact on economic 
measures, specific annual costs, and system characteristics caused 
by changes in a certain parameter. 
specified by the user, the program uses the default value. 
default values are shown in Appendix C. 
If a parameter value is not 
The 
ACCESSING GRITS 




Dial the computer in Baltimore at (301) 338-7222 for 
low-speed lines or (301) 338-8403 for 1200 baud trans- 
mission,2 
Place the telephone receiver in the acoustic coupler 
on the terminal, and 
Press the RETURN key. The user must now enter the 
account number to access the DEC-10 system, followed 
by the confidential password for that account. The 
password will not appear on the terminal.3 
1. The terminal must be set to full duplex mode and proper speed. 
2. The Johns Hopkins DEC-10 offers both the Vadic 3400 and Bell 
212A protocols for 1200 baud transmission. 
3. When this section presents user dialogue with the computer, 
characters typed by the user are indicated by underlining; 
the underlining is not actually typed by the user. 
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A 'I. 'I w i l l  t hen  appear a t  t h e  l e f t  of t h e  screen  (a welcome 
To run  t h e  GRITS program, t h e  u s e r  
message may f i r s t  appear on t h e  t e r m i n a l ) ,  which means t h a t  t h e  
computer i s  i n  "monitor mode." 
then  types  
.RUN GRITS 
The program i s  now wai t ing  t o  accept  t h e  f i r s t  op t ion .  
SELECTING OPTIONS 
Af te r  access ing  GRITS, t h e  use r  selects any of t h e  a v a i l a b l e  
program op t ions  and fo l lows  t h e  prompts given by t h e  program. OP- 
TIONS 0 through 9 are program ope ra t ion  commands, whi le  OPTIONS 10 
through 53 are used t o  a d j u s t  s cena r io  parameters. To change a 
parameter,  t h e  use r  simply types  i t s  op t ion  number and p res ses  t h e  
RETURN key ( a l l  responses  must be  followed by p res s ing  RETURN). 
The program w i l l  s p e c i f y  t h e  u n i t  of va lue  t o  be used (e .g . ,  c o s t  
i n  d o l l a r s  per  m i l l i o n  Btu) and w a i t  f o r  input .  
a l i m i t e d  range of va lues  is  accepted by t h e  program. 
types  i n  an  unacceptable  va lue ,  t h e  va lue  i s  requested again.  
For some parameters ,  
I f  t h e  use r  
For most op t ions  r e q u i r i n g  a numeric inpu t ,  i f  t h e  u s e r  
e n t e r s  t h e  op t ion  b u t  then  dec ides  t o  leave it  unchanged, he may 
e x i t  from i t  by typ ing  an  a s t e r i s k  (*). 
have been made, t h e  use r  may then  review t h e  scena r io  o r  run it. 
(Note t h a t  t h e  scena r io  i s  a c t u a l l y  run  only  when OPTION 7 is 
chosen.)  
accept  new parameters  f o r  t h e  next  run. A Z Z  parameters, once 
changed by the user, remain at those values until changed again. 
Thus, i f  t h e  w e l l  dep th  on t h e  f i r s t  run  is  changed from i ts  de- 
f a u l t  va lue  of 5000 t o  7000 f t ,  t h e  w e l l  depth va lue  w i l l  remain 
7000 f o r  subsequent runs  u n l e s s  changed aga in  by t h e  user .  
Af t e r  a l l  des i r ed  changes 
Once a scena r io  has  been run ,  t h e  program can immediately 
ENDING THE SESSION 
The use r  can run as many s imula t ion  scena r ios  as he d e s i r e s .  
When he has  f i n i s h e d ,  he  must f i r s t  e x i t  from GRITS us ing  i t s  
OPTION STOP. 
i t o r  mode. I f  t h e  prev ious  run  has  generated any d e t a i l e d  p r i n t -  
ou t  f o r  t h e  l i n e  p r i n t e r ,  t h e  fol lowing command must be typed: 
This  p l aces  t h e  t e rmina l  back i n t o  computer's mon- 
.PRINT/DEL/FILE:FOR FILEl.A,FILE2.B,etc., 
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where FILEl.A,FILE2.B,etc. r ep resen t  a l l  f i l e s  s p e c i f i e d  by t h e  u s e r  
i n  OPTION 2. 
from t h e  system. F i n a l l y ,  t h e  use r  must l o g  o f f  from t h e  system 
by typing  t h e  command 
This  w i l l  p r i n t  ou t  t h e  f i l e s  then  d e l e t e  them 
The next  s e c t i o n  desc r ibes  each opt ion  ( i n  d e t a i l  i f  neces- 
s a r y ) .  The op t ions  are presented i n  fou r  ca t egor i e s :  Operating 
Commands, Resource Condit ions,  Demand Condit ions,  and F inanc ia l  
Conditions.  (The numbers a s soc ia t ed  wi th  t h e  op t ions  are i n  no 
p a r t i c u l a r  o rde r ;  they  merely i n d i c a t e  t h e  o rde r  i n  which they 
were added t o  t h e  program. 
t a b l e  of con ten t s  o r  Appendix C.) 
To f i n d  a p a r t i c u l a r  op t ion ,  check t h e  
PROGRAM OPERATING OPTIONS 
L i s t  t h e  Avai lab le  Options (OPTION H [HELP]) 
By typing  HELP, a l i s t  of a l l  ( o r  a s e l e c t e d  subse t )  of t h e  
a v a i l a b l e  op t ions  w i l l  be  d isp layed .  
End Execution of GRITS (OPTION S [STOP]) 
Typing STOP w i l l  end execut ion of t h e  program ( t h e  use r  i s  
f i r s t  given t h e  oppor tuni ty  t o  save t h e  cu r ren t  s cena r io  as a base- 
case f i l e ) .  STOP c l o s e s  a l l  open f i l e s  and w i l l  r e t u r n  t h e  u s e r  t o  
monitor mode where he must p r i n t  ou t  any r e l e v a n t  f i l e s  and l o g  o f f  
from t h e  system. 
L i s t  Current  Scenario Parameter Values (OPTION 1 )  
OPTION 1 d i s p l a y s  the c u r r e n t  va lues  of a l l  scena r io  para- 
meters s p e c i f i e d  t o  t h i s  po in t  by t h e  use r .  Since t h e  use r  may 
only  be i n t e r e s t e d  i n  a p a r t i c u l a r  set of parameters ,  he  may choose 
t o  see e i t h e r  t h e  program ope ra t ing  commands (OPTIONS 0 through 9), 
resource ,  demand, o r  f i n a n c i a l  op t ions ,  o r  a l l  op t ions .  
Execute t h e  Current Scenario (OPTION 7) 
OPTION 7 t e l l s  GRITS t o  simulate t h e  c u r r e n t  scenar io .  If 
an output  f i l e  has  been s p e c i f i e d  earlier i n  OPTION 2 ,  i t  i s  open 
and can receive d e t a i l e d  r e s u l t s  f o r e a c h  year  s imulated as w e l l  
as record  t h e  scena r io  parameters  and t h e  summary r e s u l t s  f o r  t h e  
p r o j e c t .  I f  no output  f i l e  i s  open t h e  program w i l l  immediately 
a sk  f o r  t h e  level of d e t a i l  going ou t  t o  be  r epor t ed  a t  t h e  ter- 
minal (see t h e  s e c t i o n  fol lowing t h e  next  one).  
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Specifying Level of Detail i n  an Output F i l e .  The d e t a i l  of 
ou tput  going t o  t h e  f i l e  may be  s e l e c t e d  a t  any of t h r e e  levels. 
For t h e  l as t  t h r e e  choices ,  a complete l i s t i n g  of t h e  scena r io  
parameters  is  generated i n  a l l  cases, The choices  are: 
0. No r e s u l t s  w i l l  be  output  t o  t h e  f i l e .  
1. F i n a l  summary r e s u l t s  of t h e  p r o j e c t ,  p l u s  a l i s t i n g  
of t h e  scena r io ,  w i l l  b e  output  t o  t h e  f i l e .  
2.  F u l l  d e t a i l  f o r  a l l  ca lcu la t ed  yea r s ,  p lus  t h e  scena r io  
l i s t i n g ,  w i l l  be  output  t o  t h e  f i l e .  
3. F u l l  d e t a i l  f o r  selected yea r s ,  p l u s  t h e  scena r io  list- 
ing ,  w i l l  be output  t o  t h e  f i l e .  
The las t  choice  permi ts  t h e  use r  t o  have p r i n t e d  out  s e l e c t i v e l y  
t h e  d e t a i l e d  r e s u l t s  f o r  on ly  c e r t a i n  years .  For example, i f  t h e  
eva lua t ion  per iod of the scena r io  has  been s p e c i f i e d  as 20 y e a r s  
i n  5-year intervals (i.e.,  c a l c u l a t i n g  yea r s  0, 5 ,  10,  15, and 19 
[year  0 i s  always t h e  f i r s t  year ;  t h e  l as t  year  - 19 i n  t h i s  case - 
is  always c a l c u l a t e d ] ) ,  t h e  use r  may want t o  s p e c i f y  t h a t  only 
y e a r s  0, 10,  and 19 be repor ted  i n  d e t a i l  i n  t h e  p r i n t o u t .  
eva lua t ion  i n t e r v a l  w a s  i n s t ead  1 y e a r ,  then  t h e  user might type ,  
say,  0-5, 10, 19,  t o  have those  yea r s  p r in t ed .  
I f  t h e  
Specifying Level o f  Detail t o  be Reported a t  the Terminal. 
GRITS w i l l  r eques t  t h e  l e v e l  of d e t a i l  a t  which t h e  r e s u l t s  should 
be  d isp layed  on t h e  u s e r ' s  t e rmina l  (no te  t h a t  t h e  d e t a i l  s p e c i f i e d  
h e r e  w i l l  no t  a f f e c t  what i s  s e n t  t o  any output  f i l e s  t h a t  may be 





4 .  
W i l l  p r i n t  o u t  only t h e  summary r e s u l t s  over t h e  p r o j e c t  
lifetime, inc luding  i n i t i a l  c a p i t a l  investment,  d i s -  
counted average c o s t ,  and n e t  p re sen t  value;  
W i l l  p r i n t  o u t  an annual summary of t h e  p r o j e c t  f o r  each 
year  of eva lua t ion ,  inc luding  average c o s t s ,  as w e l l  as 
t h e  f i n a l  summary as i n  1; 
W i l l  p r i n t  ou t  d e t a i l e d  r e s u l t s  of t h e  scena r io  f o r  each 
year  of t h e  eva lua t ion ,  inc luding  each c o s t  component 
and certain demand and ope ra t ion  s ta t i s t ics ;  as w e l l  as 
t h e  f i n a l  summary as i n  1; 
W i l l  p r i n t o u t  d e t a i l e d  r e s u l t s  f o r  selected y e a r s  of 
t h e  eva lua t ion ,  inc luding  each cos t  component and cer- 
t a i n  demand and ope ra t ion  s ta t is t ics ;  a f i n a l  summary 
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of the project is also printed. Operation of this last 
choice is similar to the selective reporting to an out- 
put file. 
Output t o  EZPLOT Data Files .  Also, if OPTION 8 has been 
chosen to record annual data in the files for later input to a 
plotting program (see OPTION 8 for further details), the chosen 
variables will be written out for each year of the simulation or 
for each design temperature in the loop, depending on the user's 
specification of OPTION 8 .  These files will be automatically 
closed when the scenario has completed execution. 
Choose Resource-Constrained or Demand-Constrained Mode (OPTION 9) 
OPTION 9 tells GRITS to size the system constrained by 
either the specified resource or demand; this holds for both res- 
idential/commercial and industrial scenarios. If the user chooses 
the resource-constrained mode in OPTION 9, then the program oper- 
ates by bringing enough demand on the system to use the resource 
fully . 
If OPTION 9 is used to select the demand-constrained mode, 
then only enough of the resource necessary to supply the specified 
demand is used. GRITS determines the flow necessary in the final 
year to supply all demand. The specified flow function is then 
adjusted proportionately for each year of simulation. For ex- 
ample, if the user initially specified OPTION 32 with a flow of 
300 gal/min declining to a level of 200 gal/min by the final year, 
and if the flow required to meet the demand-specified scenario was 
only 100 gal/min, then the flow function used in the annual sim- 
ulation by GRITS would be halved, making it start at 150 gal/min 
and drop to 100 gal/min in the final year. The user may want to 
change the specified flow function (and the drawdown and wellhead 
temperature functions, neither of which undergoes any proportional 
adjustment) if the results of tfie demand-specified scenario indi- 
cate that the estimated behavior of the resource should be revised. 
Such a change can have a strong effect on the system costs since, 
although the supply-demand balance is set in the final year of the 
system, the sizing of capital' equipment purchases in both resource- 
and demand-specified scenarios is based on the maximum resource 
conditions such as the peak (initial) flow (150 gal/min in the ex- 
ample above). 
1. In the residential/commercial case, the number of households is 
rounded down to avoid fractional households; the flow is ad- 
j usted accordingly. 
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The commercial demand (taken as given in both the resource- 
and demand-constrained cases) is defined in OPTIONS 45 through 5 1 .  
OPTION 5 2  allows the user to indicate the number of households to 
be placed on the system when GRITS is operating in the demand-con- 
strained mode. OPTION 53 allows specification of the hourly in- 
dustrial process heat during hours of operation in the industrial 
case of the demand constrained mode. It is important to note that 
these specified values are ignored when GRITS is running in the 
resource-constrained case. Similarly, after GRITS has simulated 
a resource-constrained scenario and has calculated a demand that 
can be served, that value is ignored if the demand-constrained 
case is then selected since whatever value was last specified as 
OPTION 5 2  or OPTION 5 3  remains as the specified demand. For ex- 
ample, suppose the user specified that OPTION 52 be 100 households. 
If the resource-constrained case were run, we might find that 200 
households were placed on the system. If he then chose OPTION 9 
and selected a demand-constrained simulation, the 100 households 
would be used to size the system. 
Also, note that since the residential demand is independent 
of the commercial demand in the demand-specified case, the user 
can model four possible scenarios in which the demand is pre- 
scribed : 
1. Industrial, 
2. Residential/comercial mix, 
3 .  Residential-alone, and 
4 .  Commercial-alone. 
The residential-alone (no commercial) scenario can be easily cho- 
sen by specifying OPTION 5 as residential/commercial, then stating 
that no commercial buildings will be on the system. 
automatically retains the characteristics of all existing commer- 
cial building types, but sets the number of buildings in each to 
zero. To set a residential/commercial scenario to commercial-alone 
(for the demand-specified case only), choose OPTION 52 and specify 
zero households to be on any demand-constrained system. 
GRITS then 
Choose Residential/Commercial or Industrial Demand (OPTION 5 )  
OPTION 5 allows the user to select the type of demand on the 
Either residential/commercial district heating or indus- system. 
trial process heating can be specified. If residential/commercial 
is selected, the user is asked whether commercial buildings are to 
be included. If the response is "NO", GRITS sets the number of 
buildings of each type to zero, but retains their characteristics 
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i n  memory. 
c i a l  demand, bu t  i f  t h e  use r  later wishes t o  use  t h e  earlier com- 
mercial bu i ld ing  types  wi th  t h e  prev ious ly  dec lared  c h a r a c t e r i s t i c s ,  
they can be  used by spec i fy ing  t h e  number of bu i ld ings  of each type  
us ing  OPTION 48. This  is  i n  c o n t r a s t  t o  dec la r ing  t h a t  t h e r e  be no 
bu i ld ing  types  by us ing  OPTION 4 5  t o  erase a l l  b u i l d i n g  charac te r -  
i s t ics .  That would r e q u i r e  t h e  use r  t o  completely r e e n t e r  them i f  
they  are needed later. 
I n  t h i s  way, subsequent s c e n a r i o s  w i l l  have no commer- 
Other than  poss ib ly  changing t h e  number of commercial bui ld-  
i ngs  t o  zero ,  altering the scenario t o  e i ther  residentiaZ/comer- 
cia2 or industria2 has no e f f e c t  on any other parameters. 
demand, and f i n a n c i a l  cond i t ions  remain as previous ly  s p e c i f i e d ,  
u n t i l  changed by t h e  user. (Any parameters  irrelevant t o  one type  
of demand o r  t h e  o t h e r . w i l 1  be ignored,  such as d i s t r i b u t i o n  system 
c o s t  f o r  i n d u s t r i a l  p rocess  hea t . )  
Resource, 
Save o r  Recall a Base Case Scenario (OPTION 3) 
OPTION 3 permi ts  sav ing  o r  r e c a l l i n g  t h e  parameters  of a 
prev ious ly  def ined  scenar io .  The use r  may want t o  r e t u r n  t o  t h e  
s tandard  d e f a u l t  s cena r io  ( t h e  one e x i s t i n g  when t h e  s e s s i o n  w a s  
s t a r t e d ) .  A l t e r n a t i v e l y ,  t h e  use r  may have h i s  own s tandard  o r  
basecase scena r io  t o  cap tu re  a p a r t i c u l a r  a p p l i c a t i o n  o r  pro- 
j e c t e d  conf igura t ion .  
i n  a s e p a r a t e  "scenar io  f i l e . "  
GRITS handles  t h i s  by sav ing  such scena r ios  
Note that  t h i s  type of f i l e  is d i s t inc t  from other f i l e s  
mentioned i n  other program operating options. The use r  creates 
such a s tandard  f i l e  by f i r s t  changing a l l  r e l e v a n t  ope ra t ing ,  
resource ,  demand, and f i n a n c i a l  condi t ions  (and a t i t l e  is  rec- 
ommended) us ing  GRITS, then  choosing OPTION 3 and us ing  i t s  sub- 
op t ion  t o  specify a f i l e  name (using s tandard DEC-10 convent ions 
as descr ibed  i n  OPTION 2 ,  below) t o  s t o r e  t h e  cu r ren t  va lues  of a l l  
parameters  i n  the scenar io .  Once'such a f i l e  has  been s p e c i f i e d ,  
i t  is  s t o r e d  permanently and can be  r e c a l l e d  a t  f u t u r e  s e s s i o n s  by 
s e l e c t i n g  t h e  r e l e v a n t  subopt ion of OPTION 3. It i s  important t o  
remember t h a t  t h i s  s cena r io  (as s t o r e d )  is  n o t  readable  by eye and 
cannot be  p r in t ed .  To determine t h e  con ten t s  of a scena r io  f i l e ,  
i t  should be r e c a l l e d  by us ing  t h i s  op t ion  and then  having i t s  
scena r io  l i s t e d  by OPTION 1 o r  by gene ra t ing  a p r i n t o u t  f o r  a 
sample s imula t ion  run  of t h e  scenar io .  This  s cena r io  f i l e  i s  no t  
t o  be confused wi th  t h e  p r i n t o u t  f i l e  of OPTION 7, and must have 
a unique f i l e  name, o therwise  i t  i s  p o s s i b l e  f o r  t h e  use r  t o  de- 
s t r o y  t h e  f i l e  i nadve r t en t ly .  
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The use r  should remember t h a t  when he recalls a scena r io  
us ing  OPTION 3, a l l  parameters w i l l  be replaced by whatever values 
were present when the scenario was saved. I n  o the r  words, recall- 
i n g  a scena r io  wi th  t h i s  op t ion  i s  equ iva len t  t o  r ede f in ing  each 
op t ion  a f f e c t i n g  t h e  scena r io  (OPTIONS 0 ,  4 ,  5, and 9 through 5 3 ) .  
Speci fy  a F i l e  t o  Receive P r i n t o u t  (OPTION 2)  
OPTION 2 permi ts  de t a s l ed  resource ,  demand, and f i n a n c i a l  
c h a r a c t e r i s t i c s  and complete s imula t ion  r e s u l t s  generated by t h e  
model t o  be recorded i n  a f i l e  f o r  every year  of t h e  s imula t ion  i n  
order  t o  be p r i n t e d  la ter  a t  t h e  l i n e  p r i n t e r .  
pu t  i s  s e n t  t o  t h e  f i l e  u n t i l  a scena r io  is  a c t u a l l y  run  us ing  
OPTION 7 . )  DEC-10 f i l e  names must be  i n  t h e  fol lowing format:  
6 let ters,  per iod ,  3 - l e t t e r  ex tens ion;  e.g. ATLNTC.WDT. No b lanks  
o r  s p e c i a l  c h a r a c t e r s  may be used i n  t h e  f i l e  name. 
simply p res ses  t h e  RETURN key without  spec i fy ing  a f i l e  name, d a t a  
f o r  t h e  runs  w i l l  no t  be  s t o r e d  f o r  a hardcopy ( i f  a f i l e  had been 
previously s p e c i f i e d ,  this c l o s e s  i t ) .  Up t o  10  d i f f e r e n t  ou tput  
f i l e s  may be s p e c i f i e d  i n  one run  of GRITS. 
(However, no out- 
I f  t h e  use r  
Scenario T i t l e  (OPTION 4 )  
OPTION 4 a l lows  t h e  use r  t o  s p e c i f y  a d e s c r i p t i v e  t i t l e  f o r  
t h e  run  t h a t  w i l l  be d isp layed  on t h e  te rmina l  dur ing  output  d i s -  
p l ays  and w i l l  be  recorded on t h e  p r i n t o u t  f i l e  i f  ou tput  has  been 
requested.  To r e p l a c e  an e x i s t i n g  t i t l e ,  t h e  opt ion  is  simply 
c a l l e d  aga in ,  and t h e  new t i t l e  i s  typed i n .  To erase an e x i s t i n g  
t i t l e  and r e p l a c e  it wi th  nothing,  simply p res s  RETURN i n  response 
t o  t h i s  op t ion ' s  r eques t  f o r  a t i t l e .  (Note t h a t  t h i s  t i t l e  is  
saved when a scena r io  is  saved us ing  OPTION 3) .  
Choose Fossil-Fuel-Only Scenario ( o r  Return t o  Geothermal)(OPTION 0) 
Ord ina r i ly ,  GRITS models a geothermal system, adding a peak- 
ing  b o i l e r  i f  necessary  i n  t h e  res ident ia l /commerc ia l  case. 
ever, OPTION 0 al lows t h e  u s e r  t o  s imula te  a s p e c i a l  case of a 
d i s t r i c t  hea t ing  system o r  i n d u s t r i a l  p rocess  h e a t  a p p l i c a t i o n  
suppl ied  s o l e l y  by a f o s s i l  f u e l  b o i l e r .  Thus, f o r  a given de- 
mand, t h e  c o s t  of a geothermal o r  hybrid geothermal system can be 
compared t o  a comparable one suppl ied  only  by f o s s i l  f u e l .  
t h a t  t h e  foss i l - fue l -only  scena r io  can only  be operated i n  t h e  
demand-specified mode, Constraining t h e  s i z e  of t h e  system by 
t h e  geothermal r e source  when no geothermal energy is  being used 
would be i n c o n s i s t e n t .  OPTION 0 i s  used both t o  choose a f o s s i l -  
fuel-only system, and t o  r e t u r n  t o  a geothermal one. 
How- 
Note 
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I f  OPTION 0 i s  used t o  select a foss i l - fue l -only  system, 
no geothermal c a p i t a l  c o s t  components w i l l  be  i n s t a l l e d  ( w e l l s ,  
h e a t  exchangers,  upwell  and r e i n j e c t i o n  pumps, and s t o r a g e  tank) .  
The system w i l l  c o n s i s t  of a b o i l e r  l a r g e  enough t o  supply t h e  
s p e c i f i e d  demand a t  t h e  peak, through a d i s t r i b u t i o n  system and 
hookup s t r u c t u r e ,  
i s  based on t h e  assumption of a 30'F drop i n  t h e  c i r c u l a t i n g  water, 
from 180" t o  150' f o r  t h e  res ident ia l /commerc ia l  case, and from 
200' t o  170' i n  t h e  i n d u s t r i a l  p rocess  h e a t  case: 
The flow t h a t  w i l l  c i r c u l a t e  through t h e  b o i l e r  
f = Q/(500 x 30'F), 
where f i s  f low i n  gal/min and Q is  peak hea t  f low i n  Btu/hr.  
va lue  f o r  f i s  repor ted  as t h e  flow i n  GRIT'S r e s u l t s  when a fos- 
s i l - fue l -only  scena r io  i s  run ,  I f  a t ransmiss ion  l i n e  is  needed, 
pumping energy w i l l  be  requi red .  The l eng th  of t h e  t ransmiss ion  
l i n e  w i l l  be  taken t o  be  t h e  l eng th  of t h e  f i r s t  l e g  most r e c e n t l y  
s p e c i f i e d  i n  OPTION 38 f o r  one w e l l ' s  f low t o  t h e  d i s t r i b u t i o n  
system and back. 
va lues  r e l a t e d  t o  geothermal c h a r a c t e r i s t i c s  should be  ignored. 
I f  a f t e r  a foss i l - fue l -only  scena r io  is  run,  OPTION 0 is chosen 
aga in  t o  r e t u r n  t o  a geothermal system, a l l  prev ious  geothermal 
c h a r a c t e r i s t i c s  remain active as they  were most r e c e n t l y  s p e c i f i e d  
by t h e  user .  The foss i l - fue l -only  choice  does no t  change t h e  geo- 
thermal -spec i f ic  va lues ;  i t  merely ignores  them i n  t h e  i r r e l e v a n t  
computations. 
This  
I n  t h e  p r i n t e d  resu l t s  of such a scena r io ,  any 
Display t h e  Most Recent Resu l t s  (OPTION 6) 
When t h e  use r  ca l l s  t h i s  op t ion ,  t h e  r e s u l t s  of t h e  f i n a l  
year  and a complete p r o j e c t  summary of t h e  las t  s imula t ion  t h a t  
w a s  run  w i l l  be displayed on t h e  u s e r ' s  terminal .  
s cena r io  i s  run  only  when OPTION 7 has  been executed. 
t h e  use r  may have changed some parameters ,  t h e s e  w i l l  no t  be in- 
volved i n  t h e  s imula t ion  u n t i l  OPTION 7 has  been run. 
Note t h a t  a 
Even though 
Record Data f o r  Later P l o t t i n g  (OPTION 8) 
OPTION 8 al lows t h e  use r  t o  record c e r t a i n  s imula t ion  r e s u l t s  
from a GRITS run  i n  a u x i l i a r y  f i l e s  f o r  la ter  g raph ica l  d i s p l a y  
us ing  t h e  Tektronix p l o t t i n g  program Plot-10 Easy Graphics,  c a l l e d  
EZPLOT on t h e  Johns Hopkins c0mputer.l 
1. Note t o  programmers: This  o p t i o n  i s  se l f -conta ined  i n  a subrou- 
The use r  may choose t o  
t i n e .  The subrout ine  could be rep laced  by one that, f o r  example, 
t a b u l a t e s  a l l  s e l e c t e d  v a r i a b l e s  f o r  each yea r ,  i n  a format s u i t -  
a b l e  f o r  summary r epor t s .  
- 47 - 
THE JOHNS HOPKINS UNlVERSlTY 
APPLIED PHYSICS LABORATORY 
LAUREL, MARYLAND 
record  e i t h e r  s e l e c t e d  t i m e  series r e s u l t s  over a p r o j e c t ' s  l i f e -  
t i m e  o r ,  i f  t h e  des ign  temperature  i s  being va r i ed  over a range 
of values, f i n a l  p r o j e c t  measures f o r  each design temperature  s i m -  
u l a t i o n .  A four -charac te r  f i l e  name must be s p e c i f i e d  f o r  each 
v a r i a b l e  t o  be recorded by t h e  program ( p r e s s  RETURN t o  s k i p  a 
v a r i a b l e ) ,  These f i l e s  then  remain open s o  t h a t  t h e  next  t i m e  
OPTION 7 ( a  s cena r io  run)  i s  executed,  t h e  p e r t i n e n t  d a t a  are re- 
corded i n  t h e s e  s p e c i f i e d  f i l e s  f o r  each year  (or  design tempera- 
t u r e )  of t h e  s imula t ion .  The 'files are then c losed .  To record 
another  sequence i n  a l a t e r  run ,  t h i s  op t ion  must be chosen aga in  
i n  o rde r  t o  spec i fy  a new se t  of a u x i l i a r y  f i l e s .  Upon e x i t i n g  t h e  
program, EZPLOT can access t h e  f i l e s ,  each conta in ing  one v a r i a b l e ,  
us ing  i t s  "ATTACH" command. Thus, wi th  t h i s  f a c i l i t y ,  i l l u s t r a t i v e  
d i s p l a y s  of s e l e c t e d  r e source ,  demand, and f i n a n c i a l  cond i t ions  
s imulated by t h e  program can be c rea t ed .  It i s  important t o  no te  
t h a t  when such graphs are d e s i r e d ,  t h e  use r  w i l l  gene ra l ly  want t o  
run  t h e  s imula t ion  a t  i n t e r v a l s  of one year  (o r  1°F system des ign  
temperature)  i n  o rde r  t o  record every d a t a  po in t .  
RESOURCE CONDITION OPTIONS 
Number of Product ion Wells (OPTION 4 2 )  
This  op t ion  is  used t o  s p e c i f y  t h e  number of product ion 
w e l l s  on the  system. It inf luence"  s e v e r a l  c a l c u l a t i o n s .  Since 
o t h e r  op t ions  (depth,  f low, e t c . )  d e c l a r e  t h e  c h a r a c t e r i s t i c s  of 
the average well, t h e  number of product ion w e l l s  i s  used i n  t h e  
program t o  determine t h e  t o t a l  c o s t  of a l l  product ion w e l l s  and 
t o t a l  f low (and thus  geothermal h e a t  a v a i l a b l e ) .  Also s i n c e  each 
w e l l  ha s  a pump and i n d i v i d u a l  hea t  exchanger, each i s  s i z e d  f o r  
t h e  average w e l l ;  t h e i r  t o t a l  c o s t  i s  then  obtained by mul t ip ly ing  
by t h e  number of w e l l s .  F i n a l l y ,  t h e  complexity of t h e  transmis- 
s i o n  l i n e  system (OPTION 38) a l s o  depends on t h e  number of w e l l s ;  
t h e  p ipe  segments are s i z e d  according t o  t h e  number of " w e l l s '  
worth of flow" pass ing  through each. 
Average Product ion Well Depth (OPTION 12) 
This  op t ion  al lows t h e  use r  t o  s p e c i f y  t h e  depth of t h e  av- 
e rage  product ion w e l l  i n  f e e t .  This  w i l l  a f f e c t  t h e  i n i t i a l  w e l l  
c a p i t a l  c o s t  and o p e r a t i o n a l  pumping energy. 
Maximum Flow Rate From Average Product ion Well (OPTION 32) 
OPTION 32 a l lows  t h e  use r  t o  s p e c i f y  t h e  maximum f low rate 
( i n  ga l lons  per  minute) t h a t  can be ex t r ac t ed  from t h e  average 
product ion w e l l .  Since t h e  resource  may degrade over t i m e ,  t h e  
use r  i s  allowed t o  spec i fy  t h e  maximum flow as a t i m e  dependent 
func t ion .  
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Note t h a t  t h i s  i s  t h e  m a x i m  f low per WeZZ. It is u n l i k e l y  
t h a t  i t  w i l l  be  maintained 24 hours  per  day, 365 days pe r  yea r ,  
s i n c e  space hea t ing  demand and process  hea t ing  demand vary  over 
seasons o r  d a i l y  opera t ion .  However, t h i s  maximum flow i n d i c a t e s  
t h e  peak demand t h a t  can be s a t i s f i e d  by the  resource ,  and there-  
f o r e  t h e  l i m i t  on t h e  system's s i z e .  
t h e  f i n a l  year  according t o  t h e  s p e c i f i e d  func t ion .  I n  t h e  re- 
source-spec i f ied  case, i t  then  c a l c u l a t e s  t h e  amount of demand t h a t  
aZZ weZZs can supply a t  t h a t  f low and t h i s  determines t h e  s i z e  of 
t h e  system. (To a s s u r e  a whole number of households,  i t  rounds 
down t h e  flow by t h e  proper  amount.) 
GRITS c a l c u l a t e s  t h e  amount of  flow needed a t  t h e  peak. If t h e  
amount a v a i l a b l e  is  i n s u f f i c i e n t  t h e  scena r io  cannot be  run. Other- 
w i s e ,  t h e  f lows i n  t h e  f i n a l  year  and f o r  preceding yea r s  are re- 
duced by a f a c t o r  t h a t  makes t h e  f i n a l  y e a r ' s  f low j u s t  s u f f i c i e n t  
t o  supply t h e  s p e c i f i e d  demand. I f  t h e  flow is  reduced s i g n i f i -  
c a n t l y  from t h e  maximum p o s s i b l e  t h a t  is  s p e c i f i e d ,  t h e  u s e r  may 
want t o  a d j u s t  t h e  maximum flow func t ion  t o  r e f l e c t  a less severe 
degree of d e p l e t i o n  manifested as r educ t ion  i n  maximum flow. 
GRITS determines t h e  f low i n  
I n  t h e  demand-specified case ,  
With one except ion ,  a l l  c a p i t a l  equipment i s  s i z e d  t o  handle 
t h e  i n i t i a l  y e a r ' s  maximum ad jus t ed  flow, which is  t h e  g r e a t e s t  
over  t h e  p r o j e c t  l i f e .  To s i z e  t h e  pumps, GRITS uses  t h e  year  
whose combined e f f e c t s  of f low and drawdown r e q u i r e  t h e  l a r g e s t  
pumps. 
The t r end  of maximum flow over t i m e  can be  inpu t  as any of 
four  func t ions :  
1. Linear ,  
2. Negative exponent ia l  (decreas ing  a t  an inc reas ing  rate),  
3. Negative l o g i s t i c  ("Sf'-shaped) , and 
4 .  Compounded percentage rate of decrease  (decreas ing  a t  a 
decreas ing  rate). 
To i n d i c a t e  a cons tan t  maximum flow over t i m e ,  choose t h e  l i n e a r  
func t ion  and s p e c i f y  a zero rate of change. 
l a t i o n s h i p  does n o t  begin u n t i l  a f t e r  t h e  r e source  assessment pe- 
r i o d  is  over. 
The f u n c t i o n a l  re- 
For y e a r s  be fo re  a l l  demand is on t h e  system, t h e  maximum 
flow t r end ing  downward over t ime i s  only reduced p ropor t iona te ly  t o  
t h e  amount of demand on t h e  system. 
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Well Drawdown and Optional  Aquifer Modeling (OPTION 26) 
With long term e x t r a c t i o n  of water from,an a q u i f e r ,  i t  has  
been found t h a t  t h e  resource  s u f f e r s  a c e r t a i n  degree of degrada- 
t i o n  i n  s e v e r a l  a spec t s .  Drawdown, t h e  d i s t a n c e  from ground level 
t o  t h e  level t o  which t h e  water rises without  pumping, o f t e n  in-  
crease wi th  extended pumping, 
t h e  t rend  of t h e  i n c r e a s e  i n  drawdown as a func t ion  over t i m e .  
OPTION 26 al lows t h e  use r  t o  s p e c i f y  
The fol lowing t i m e  t r ends  f o r  drawdown can be modeled: 
1. Linear, 
2 .  Logarithmic,  and 
3. Compounded percentage rate of i nc rease .  
The drawdown func t ion  does no t  begin u n t i l  a l l  demand has  
come onto t h e  system. 
( fol lowing t h e  r e source  assessment pe r iod ) ,  t h e  s p e c i f i e d  i n i t i a l  
drawdown i s  m u l t i p l i e d  by t h e  f r a c t i o n  of t h e  u l t i m a t e  demand on 
t h e  system. I 
I n  t h e  yea r s  be fo re  f u l l  market pene t r a t ion  
Since t h e  use r  s p e c i f i e s  t h e  drawdown and flow independent ly ,  
a real is t ic  combination t h a t  i s  s u i t a b l e  f o r  t h e  a q u i f e r  under con- 
s i d e r a t i o n  must be maintained. 
OptionaZ Aquifer Modezing. I n  add i t ion ,  OPTION 26 provides  
I f  t h e  use r  
another  s p e c i a l  f e a t u r e  t h a t  can be very  u s e f u l  i n  cases where some 
hydro logica l  information i s  a v a i l a b l e  on t h e  aqu i f e r .  
chooses t h e  f o u r t h  way of c a l c u l a t i n g  drawdown, 
4 .  Function based on a q u i f e r  c h a r a c t e r i s t i c s ,  
GRITS w i l l  then  estimate drawdown and annual pumping energy, us ing  
a s i m p l i f i e d  model of a q u i f e r  behavior  descr ibed  i n  Appendix A and 
R e f .  4 .  
Once t h i s  choice  has  been made, t h e  use r  is  permit ted t o  
s p e c i f y  any of four  c h a r a c t e r i s t i c s  t h a t  w i l l  a f f e c t  drawdo- and 
pumping; t h e s e  are: 
1. Pumping cyc le ,  
2.  Transmiss iv i ty ,  
3. Aquifer s t o r a g e  c o e f f i c i e n t ,  
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I 
The first three pumping cycles are applicable to industrial process 
heat operations only. 
space heating only. 
three pumping cycles he must specify the proper industrial utiliza- 
tion factor (OPTION 31) that corresponds to the cycle (loo%, 50%, 
and 50%, respectively). The space heating utilization factor is 
calculated from the demand due to hourly temperature variation. 
The fourth is for residential/commercial 
The user should be aware that for the first 
4 .  Well radius, and 
0.  None of the above (i.e., use current values). 
(The user here may type several number choices at once to be acted 
on in turn.) 
The pumping cycle selection may reflect any of four types 
of operation: 
1. Continuous pumping (12 months/yr), 
2. Semi-annual pumping (6 months on/6 months off), 
3 .  Diurnal or daily pumping (12 hours on/12 hours off), and 
4 .  Space heating application. 
The other three characteristics, transmissivity ( cm2/s) , 
aquifer storage coefficient (dimensionless) and well radius (inches) 
may either be specified by the user or default values will be used. 
Because the aquifer model was calculated for a simplified 
case, several restrictions apply: all demand must come onto the 
system immediately after the resource assessment period and the 
maximum flow must be a constant'value over time. 
using GRITS' standard equation (Appendix A) and actual space heat- 
ing is based on actual demand, not on the simplified assumptions 
used in pumping energy equations. 
Temperature at the Wellhead (OPTION 11) ~ 
The user may .specify 'the temperature. at the wellhead in 
Pumps are sized 
I. I 
Fahrenheit degrees. He should, be sure to allow for a certain tem- 
perature loss between the aquifer and the wellhead. In the ab- 
sence of other information, one might assume a 5'F drop from aqui- 
fer to wellhead, so that, for example, a 150' aquifer would require 
an input value of 1450 in OPTION 11.. The user may describe the 
wellhead temperature with any of four functional relationships 
over time, reflecting potential degradation of the resource with 
use : 
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1. Linear ,  
2 .  Negative exponent ia l ,  
3. Negative l o g i s t i c  ("S"-shaped) , and 
4 .  Compounded rate of decrease.  
(A cons tan t  va lue  over t i m e  can be  expressed as a l i n e a r  func t ion  
wi th  a zero annual change.) 
begin u n t i l  a f t e r  t h e  resource  assessment per iod i s  over .  
The func t iona l  r e l a t i o n s h i p  does no t  
For yea r s  be fo re  a l l  demand i s  on t h e  system, t h e  wellhead 
temperature  r educ t ion  over t i m e  is  only  reduced p ropor t iona te ly  
t o  t h e  amount of demand on t h e  system. 
The system being served w i l l  be s i zed  according t o  t h e  t e m -  
p e r a t u r e  i n  t h e  f i n a l  year .  However, s i n c e  t h e  hea t  exchanger must 
handle  t h e  i n i t i a l  y e a r ' s  temperature ,  t h a t  temperature  i s  used i n  
c a l c u l a t i n g  t h e  hea t  exchanger s i z e .  The use r  should be s u r e  t h a t  
t h e  temperature  i n  t h e  f i n a l  year  does not  f a l l  below t h e  s p e c i t i e d  
reject temperature.  
Reject Temperature (OPTION 2 1 )  
OPTION 2 1  i s  used t o  s p e c i f y  t h e  temperature  a t  which t h e  
geothermal water leaves t h e  hea t  exchanger a f t e r  hea t  e x t r a c t i o n .  
The d i f f e r e n c e  between the  wellhead temperature  and reject  temper- 
a t u r e  determines t h e  amount of energy ex t r ac t ed  from t h e  geothermal 
water. The des ign  choice  of reject  temperature  a f f e c t s  t h e  c o s t  
of t h e  hea t  exchanger - f o r  a given flow, t h e  h igher  t h e  per for -  
mance, i .e.  t h e  lower t h e  reject temperature  i n  comparison t o  t h e  
wellhead temperature ,  t h e  h igher  t h e  c o s t  of t h e  hea t  exchanger. 
However, i f  hea t  is  ex t r ac t ed  more e f f i c i e n t l y ,  t h a t  w i l l  decrease  
t h e  amount of geothermal water needed t o  supply t h e  h e a t ,  thereby 
having a reducing e f f e c t  on h e a t  exchanger c o s t .  
I n  s e l e c t i n g  a reject temperature ,  t h e  use r  should remember 
t h a t  i f  t h e  water i s  being r e i n j e c t e d  i n t o  t h e  o r i g i n a t i n g  a q u i f e r ,  
a r e j e c t l r e i n j e c t i o n  temperature  may s u b s t a n t i a l l y  lower than  t h e  
resource.  (One way of dea l ing  wi th  t h i s  is r e i n j e c t i n g  t h e  waste 
b r i n e  a g r e a t e r  d i s t a n c e  from t h e  product ion w e l l  [OPTION 381. )  
Number of Re in jec t ion  Wells (OPTION 4 3 )  
OPTION 43 i s  used t o  s p e c i f y  t h e  number of r e i n j e c t i o n  w e l l s .  
A s  with  OPTION 4 2 ,  t h e  t o t a l  c o s t  of r e i n j e c t i o n  w e l l s  and pumps 
i s  determined by mul t ip ly ing  t h e  average c o s t  f o r  an ind iv idua l  
w e l l  by t h e  number of w e l l s .  
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I f  t h e r e  i s  t o  be no r e i n j e c t i o n  w e l l ,  s p e c i f y  0 w e l l s  f o r  
t h i s  op t ion .  
Depth of Re in jec t ion  W e l l  (OPTION 23)  
This  op t ion  a l lows  t h e  use r  t o  s p e c i f y  t h e  depth of t h e  av- 
e rage  r e i n j e c t i o n  w e l l  i n  f e e t .  This w i l l  a f f e c t  t h e  i n i t i a l  w e l l  
c a p i t a l  c o s t  and o p e r a t i o n a l  pumping c o s t s .  
Transmission Line ( o r  System) (OPTION 38) 
This  op t ion  a l lows  t h e  use r  g r e a t  f l e x i b i l i t y  i n  spec i fy ing  
a t ransmiss ion  system between product ion w e l l s  sand r e i n j e c t i o n  
w e l l s  and t h e  consumption po in t  ( e i t h e r  t h e  junc tu re  wi th  t h e  
d i s t r i c t  hea t ing  d i s t r i b u t i o n  system, o r  t h e  i n d u s t r i a l  u s e r ' s  
p l a n t  g a t e ) .  OPTION 38 ( t r a n s p o r t  d i s t ance )  is set up t o  a l low 
t h e  use r  t o  conf igure  ( o r  test a v a r i e t y  of conf igu ra t ions  o f )  t h e  
system. The system l ayou t  i s  done e x t e r n a l l y  by t h e  u s e r ,  s o  t h a t  
he can t a k e  i n t o  account a l l  t h e  unique geographical  and hydro- 
l o g i c a l  c h a r a c t e r i s t i c s  of t h e  area. The inpu t  t o  GRITS i s  then 
ind ica t ed  simply as  t h e  t o t a l  l eng th  of a l l  p ipe  segments c l a s s i -  
f i e d  according t o  t h e  volume of flow pass ing  through them, where 
t h e  flow is  descr ibed  i n  terms of t h e  flow p e r  w e l l ,  such as "two 
w e l l s '  worth of flow." 
The fol lowing example w i l l  i l l u s t r a t e  t h i s  procedure.  The 
double l i n e s  i n  Fig.  2 i n d i c a t e  t h e  two-way secondary loop t h a t  
c a r r i e s  t h e  heated water t o  and from t h e  hea t  exchangers a t  t h e  
top  of each w e l l  and t h e  consuming area a t  t h e  top  of t h e  f i g u r e .  
The s i n g l e  l i n e s  c a r r y  t h e  waste b r i n e  from t h e  product ion w e l l s  
t o  t h e  r e i n j e c t i o n  w e l l s .  For t h i s  example, t h e  use r  would inpu t  
t o  OPTION 38 t h a t  t h e  l eng th  of p ipe  ca r ry ing  one w e l l ' s  worth of 
flow i n  the main t ransmiss ion  system is  the quan t i ty  a + c ( tha t  
is ,  t h e  flows from wells 2 and 3 t o  t h e  f i r s t  j u n c t i o n s ) .  The 
l eng th  of t h e  l i n e  ca r ry ing  two w e l l s '  worth of flow i s  b,  which 
t r a n s p o r t s  t h a t  of w e l l s  1 and 3 toge ther .  F i n a l l y ,  t h e  flow from 
a l l  t h r e e  w e l l s  f lows over l e n g t h  d. 
S imi l a r ly ,  f o r  t h e  r e i n j e c t i o n  w e l l  flow, t h e  amount of 
p ipe  ca r ry ing  one w e l l ' s  worth of f l o w . i s  w + x + y ,  whi le  z m i l e s  
of p ipe  t r a n s p o r t  two w e l l s '  worth of flow. 
Note: 
be modeled, t h e  t ransmiss ion  d i s t a n c e  is  
taken as t h e  l eng th  of p ipe  most r e c e n t l y  
s p e c i f i e d  as  ca r ry ing  one w e l l ' s  worth of 
flow back and f o r t h  between t h e  w e l l  and 
demand site. 
i f  a foss i l - fue l -only  system were t o  
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Production 
well No. 1 
Production 
well No. 3 
Two-way secondary loop to demand 
One-way pipe to  reinjection well 
Production well 
0 Reinjection well 
Fig. 2 Transmission system example. 
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DEMAND CONDITION OPTIONS 
Residential/Cormnercial S p e c i f i c  
Choose Area Under Consideration (OPTION 20). OPTION 10 
a l lows  t h e  use r  t o  s p e c i f y  t h e  l o c a t i o n  of t h e  area be ing  modeled. 
The u s e r  i s  reques ted  t o  type  i n  a d e s c r i p t i v e  name of t h e  area 
under cons ide ra t ion ,  Associated wi th  t h i s  area is  t h e  hour ly  am- 
b i e n t  a i r  temperature  d i s t r i b u t i o n  of a t y p i c a l  yea r ,  which i s  
used t o  determine t h e  demand f o r  space hea t ing  by t h e  consumers 
served by t h e  geothermal hea t ing  system. 
a p p l i c a b l e  t o  i n d u s t r i a l  process  h e a t  a p p l i c a t i o n s ) .  
weather da ta"  must then  be e i t h e r  r e t r i e v e d  from a master f i l e  on 
l i n e  o r  en tered  from t h e  te rmina l  by t h e  use r .  The use r  may ob- 
t a i n  a l i s t  of a l l  c i t ies  f o r  which weather d a t a  are a v a i l a b l e  by 
r eques t ing  i t  when t h e  program o f f e r s  it. Table 1 l is ts  t h e  c i t i e s  
a l p h a b e t i c a l l y  by state. The d a t a  are i d e n t i f i e d  by a " f i l e  i .d . "  
c o n s i s t i n g  of t h e  f i r s t  s i x  letters ( o r  as many as t h e r e  are) of 
t h e  c i t y  name (wi th  no spaces  o r  punctuat ion)  followed by a per iod  
followed by t h e  s tandard  two le t te r  p o s t a l  abbrev ia t ion  of t h e  
state. For example, New York Ci ty  would have a f i l e  i . d .  of 
NEWY0R.m; Newark, New J e r s e y  would have NEWARK.NJ; Hi lo ,  H a w a i i  
would have HIL0.H.A. I f  t h e  u s e r  has  en tered  t h e  weather d a t a  from 
t h e  t e rmina l  o r  is  r e t r i e v i n g  a previous ly  inpu t  set of d a t a ,  he 
must main ta in  t h i s  convention. 
(This information i s  no t  
This  "hourly 
General ly ,  t h e  use r  should be  a b l e  t o  f i n d  a c i t y  i n  t h e  
master weather d a t a  f i l e  t h a t  is near  enough t o  t h e  area of in-  
terest t o  have a similar temperature  d i s t r i b u t i o n .  I f  n o t ,  t h e  
use r  may e n t e r  h i s  own weather d a t a  from t h e  te rmina l  where i t  
w i l l  then  be saved f o r  la ter  use  according t o  t h e  f i l e  i . d .  speci-  
f i e d  by t h e  user. GRITS prompts t h e  user f o r  weather d a t a  f o r  
twenty 5'F intervals, from 1-30 to -26'FI to [+65 to +69'F]. Once 
a l l  t h e  d a t a  are entered  from t h e  terminal, t h e r e  is  a permanent 
record  of t h e  da ta .  The d a t a  can be  c a l l e d  i n  f u t u r e  runs  of t h e  
model by spec i fy ing  t h e i r  f i l e  i .d.  
M~n&n.un Ambient Temperat$re (OPTION 2 8 ) .  
b i e n t  a i r  temperature  of t h e  area t o  be served i s  used i n  GRITS t o  
determine how l a r g e  t h e  p e a k i n g ' b o i l e r  should be s ized .  
t h e  hour ly  weather d a t a ,  the'minimum ambient temperature  is not  
used i n  i n d u s t r i a l  a p p l i c a t i o n s . )  
enough t o  handle  a l l  hea t ing  demand below t h e  system des ign  temper- 
a t u r e  down t o  t h e  s p e c i f i e d  minimum ambient temperature.  
When t h e  area i s  changed (OPTION l o ) ,  i t s  hour ly  tempera- 
The minimum am- 
(As with  
The b o i l e r  w i l l  be-made l a r g e  
t u r e  d i s t r i b u t i o n  f o r  a t y p i c a l  year  is  en te red  i n t o  t h e  scenar io .  
Once t h i s  has  been done, t h e  program r e p o r t s  t h e  lowest  temperature  
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and t h e  use r  may choose t o  select t h i s  as t h e  minimum ambient fem- 
p e r a t u r e  t o  inpu t  t o  OPTION 28. 
OPTION 10 does not au tomat i ca l ly  change t h e  "minimum ambient t e m -  
pera ture"  of OPTION 28.) 
(Choosing new weather d a t a  wi th  
The use r  may no t  n e c e s s a r i l y  want t o  select t h e  lowest t e m -  
p e r a t u r e  of a t y p i c a l  year  as OPTION 28's minimum ambient tempera- 
t u r e .  Specifying a lower temperature  would provide a s a f e t y  m a r -  
g in  f o r  unusua l ly  cold win ters .  For example, i f  t h e  a i r  tempera- 
t u r e  i n  Sa l i sbu ry ,  MD f a l l s  as low as O°F in a t y p i c a l  yea r ,  t h e  
use r  may wish t o  d e c l a r e  a minimum ambient temperature of -5'F t o  
s i z e  t h e  b o i l e r  w i th  a margin of s a f e t y .  
On t h e  o t h e r  hand, i f  t h e  use r  wishes t o  consider  a scena r io  
i n  which t h e  developer might want t o  r i s k  i n s u f f i c i e n t  h e a t  on a 
few of t h e  c o l d e s t  days of t h e  yea r ,  t h e  minimum ambient tempera- 
t u r e  might be s p e c i f i e d  as g r e a t e r  than  t h e  t y p i c a l  low, f o r  ex- 
ample 5'F f o r  Sa l i sbury .  
I f  no peaking b o i l e r  i s  t o  be i n s t a l l e d  i n  t h e  system, t h e  
user  should d e c l a r e  t h e  minimum ambient temperature  t o  be t h e  same 
as t h e  system des ign  temperature.  (Presumably, t h e  des ign  temper- 
a t u r e  w i l l  be set low enough t o  handle  a l l  hea t ing  demand on t h e  
system. ) 
System Design Temperature (OPTION 2 4 ) .  OPTION 1 4  s p e c i f i e s  
t h e  des ign  temperature  of t h e  system. The design temperature  is 
t h a t  ambient a i r  temperature  down t o  which t h e  geothermal energy 
s u p p l i e s  a l l  hea t ing  requirements  f o r  t h e  res ident ia l /commerc ia l  
space hea t ing  a p p l i c a t i o n  (it is ignored i n  t h e  i n d u s t r i a l  mode). 
Any p o r t i o n  of  demand n o t  capable  of  being suppl ied  by geothermal 
w i l l  b e  m e t  by t h e  f o s s i l  f u e l  b o i l e r .  
be  below 65'F i n  o r d e r  f o r  any space hea t ing  demand t o  be suppl ied  
by geothermal. ( A l l  domestic ho t  water h e a t  i s  suppl ied  by geo- 
thermal ,  r e g a r d l e s s  of  t h e  des ign  temperature) .  
The des ign  temperature  must 
A s i n g l e  system des ign  temperature  can be s p e c i f i e d  o r  i t  
can be allowed t o  va ry  over a range thereby c r e a t i n g  a series of 
s cena r ios .  Since i t  i s  a major des ign  f a c t o r  i t  is  u s e f u l  t o  vary  
t h e  des ign  temperature  i n  o rde r  t o  f i n d  t h e  va lue  r e s u l t i n g  i n  t h e  
optimum s i z e  of t h e  system. 
t h e  des ign  temperature  loop be from OOF t o  65OF. Assuming t h e  op- 
timum va lue  of t h e  economic measure (such as discounted average 
c o s t )  r e s u l t s  from a des ign  temperature  wi th in  t h i s  range,  t h e  use r  
can then  s p e c i f y  t h e  design temperature  t o  be t h e  s i n g l e  opt imizing 
va lue ,  and s e n s i t i v i t y  ana lyses  of o t h e r  parameters  can be  per- 
f onned. 
For example, t h e  u s e r  can s p e c i f y  t h a t  
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Users should be aware that if detailed results are to be 
printed when the scenario is run (OPTION 7) on the terminal or the 
output file with the design temperature loop, voluminous printout 
will result. Thus, printout should be selected with great prudence 
when looping through a wide range of design temperatures, because 
if care is not taken every year (for every design temperature) 
may be printed, one to a page. (For example, looping from 20°F to 
40°F in steps of 2' for a 20 year period in 5 year increments would 
produce 14 pages of summary printout or 58 pages if full detail 
were requested, and an analogous amount of printing on the terminal, 
if that were requested.) 
Also, OPTION 8 can be used in conjunction with the design 
temperature loop to assure the recording (for later plotting or 
tabulation) of selected summary totals for each iteration. This 
can be very useful in analyzing the sensitivity of economic mea- 
sures to the system design temperature. 
zation of design temperature to minimize discounted average cost 
for a sample scenario. 
Figure 3 shows the optimi- 
Distribution System Instal lat ion Schedule (OPTION 35). OP- 
TION 35 allows the user to declare the percentage of the residen- 
tial/commercial distribution system installed each year. 
ignored in the industrial mode.) 
schedule is consistent with the rates of market penetration in 
OPTIONS 19 and 51: 
the year that all residential and commercial demand is on line. 
(It is 
The user should be sure that the 
the distribution system must be completed by 
Residential Specific 
Specified Ultimate Nwnber of Households (OPTION 5 2 ) .  This 
option applies only in the demand-specified case. 
wishes to run a demand-specified residential scenario, OPTION 52 
If the user 
is used to indicate the ultimate number of households that will 
come onto the system. The residential market penetration function 
(OPTION 19) will then be scaled to fit this specified number of 
households. 
The number of households specified in this option is com- 
pletely independent of the number that a resource-constrained run 
of the same scenario might project. OPTION 52 is completely ig- 
nored in the resource-constrained case. Likewise, the number of 
households predicted in the resource-constrained case is ignored 
in the demand-specified case when OPTION 52's value is used. 
the description of OPTION 9 (the choice of resource- or demand- 
constrained mode) for further details. 
See 
Housing Types and Their Heating Demands (OPTION 13). This 
option allows the user to characterize the types of housing being 
supplied by the residential/commercial district heating system. 
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Design temperature ( O F )  
Fig. 3 Variation of discounted average cost with system design temperature loop. 
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(This in format ion  i s  ignored i n  t h e  case of an i n d u s t r i a l  s cena r io . )  
The use r  may i n d i c a t e  t h a t  a l l  housing be  e i t h e r  
1. S ing le  family suburban, 
2 .  Sing le  fami ly  dense,  
3. Townhouses, 
4 .  Garden apartments,  
5 .  High-rise mul t i fami ly  housing, o r  
6. A mix of a l l  t h e  above housing types .  
I f  a mix is  chosen, t h e  use r  i s  then  prompted t o  enter t h e  d i s t r i -  
bu t ion  of t h e  housing types  on t h e  system as percentages of t h e  
t o t a l .  
The choice  of housing types  w i l l  i n f luence  t h e  t o t a l  heat-  
i ng  demand, l eng th  of d i s t r i b u t i o n  system, and hookup c o s t  f o r  t h e  
average household. 
I n  a d d i t i o n  t o  t h e  d i s t r i b u t i o n  of housing types  on t h e  sys- 
t e m ,  OPTION 13 al lows t h e  use r  t o  s p e c i f y  f o r  each housing type  t h e  
space hea t ing  demand, i n  terms of Btu/hr  per  household f o r  each de- 
g ree  below 65 OF. 
Domestic Hot Water Demand (OPTION 3 9 ) .  This  op t ion  al lows 
t h e  u s e r  t o  s p e c i f y  e x p l i c i t l y  t h e  domestic s a n i t a r y  ho t  water de- 
mand f o r  t h e  average household i n  m i l l i o n s  of Btu pe r  year .  One 
va luab le  use  of t h i s  op t ion  is t h a t  i t  can be set t o  zero  i n  t h e  
case of a very low grade resource  t h a t  i s  of t oo  low a temperature  
t o  supply domestic ho t  water bu t  can s t i l l  provide  space hea t ing .  
The domestic ho t  water demand f o r  commercial bu i ld ings  is  
independent of t h i s  op t ion  and is  s p e c i f i e d  i n  OPTION 47. 
Note t h a t  GRITS always assumes t h a t . t h e  domestic ho t  water 
demand is suppl ied  completely by geothermal - w i t h o u t  t h e  peaking 
system (except  i n  t h e  s p e c i a l  case of a foss i l - fue l -only  system). 
(OPTION 39 i s ’ i g n o r e d  i n  t h e  ‘ i n d u s t r i a l  s cena r io . )  
Market Saturation (OPTION 3 4 ) .  Market s a t u r a t i o n  i s  used 
h e r e  t o  mean t h e  f r a c t i o n  of ‘ a l l  households i n  t h e  area t h a t  are 
p o t e n t i a l l y  c o n v e r t i b l e  t o  geothermal; 
homes i n  t h e  area under cons ide ra t ion  have electric r e s i s t a n c e  
baseboard hea t ing ,  it might be  assumed t h a t  t h e  homeowners’ cos t  t o  
convert  t o  a ho t  water o r  forced a i r  hea t ing  system necessary  f o r  
For’ example, i f  30% of t h e  
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geothermal energy would be p r o h i b i t i v e ,  removing them as candida tes  
f o r  conversion. The o t h e r  70%, however, could be hooked up t o  a 
d i s t r i c t  hea t ing  system, The use r  would then  s p e c i f y  t h a t  t h e  m a r -  
k e t  s a t u r a t i o n ,  o r  u l t i m a t e  d e n s i t y  of households on t h e  system, 
i s  70%. 
GRITS uses  t h e  market s a t u r a t i o n  va lue  t o  determine t h e  
l e n g t h  of t h e  r e s i d e n t i a l  d i s t r i b u t i o n  system. 
are t o  be served i n  an area wi th  70% market s a t u r a t i o n ,  t h e  l eng th  
of t h e  system w i l l  be  ca l cu la t ed  as 143% (i .e. ,  1 /70%) of what 
would be needed t o  serve t h e  same number of households without  hav- 
i n g  t o  extend l i n e s  p a s t  30% of t h e  houses. 
I f  100 households 
To s p e c i f y  t h e  rate a t  which t h i s  u l t i m a t e  number of house- 
ho lds  come on l i n e ,  u se  OPTION 19 ( r e s i d e n t i a l  market pene t r a t ion ) .  
To s p e c i f y  t h e  i n s t a l l a t i o n  schedule  f o r  t h e  d i s t r i b u t i o n  system, 
use  OPTION 35. 
(OPTION 34 is used only  for r e s i d e n t i a l  c a l c u l a t i o n s . )  
Residential Market Penetration (OPTION 19). The use r  speci-  
f i e s  t h e  f r a c t i o n  of t h e  u l t i m a t e  number of households t h a t  w i l l  
come on l i n e  over t h e  p r o j e c t  l i f e .  
over t i m e  of one of t h e  fol lowing forms 
This  is  expressed as a func t ion  
1. Linear ,  
2. L o g i s t i c  ('IS"-shaped) , 
3. Compounded percentage rate of i nc rease ,  and 
4. Logarithmic. 
F u l l  market p e n e t r a t i o n  i n  t h e  f i r s t  year  can be ind ica t ed  by a 
l i n e a r  func t ion  wi th  100% i n i t i a l  p e n t r a t i o n  and a 0% annual change. 
Severa l  p o i n t s  should be noted. Market p e n e t r a t i o n  can be- 
g in  only a f t e r  t h e  r e source  assessment per iod has  been completed. 
The i n s t a l l a t i o n  schedule  of t h e  d i s t r i b u t i o n  system i s  s p e c i f i e d  
as a s e p a r a t e  op t ion  (OPTION 35) and t h e  only check f o r  cons is tency  
i s  t h a t  t h e  system i s  completely i n s t a l l e d  by t h e  t i m e  a l l  res iden-  
t i a l  and commercial demand is on l i n e .  U n t i l  100% market pene- 
t r a t i o n  has  been achieved, any r educ t ions  i n  wellhead temperature 
and flow and inc reases  i n  drawdown are p ropor t iona l  t o  t h e  f r a c t i o n  
of demand ( t o t a l  r e s i d e n t i a l  p l u s  commercial) on t h e  system; t h e  
f u l l  e f f e c t  of s p e c i f i e d  f u n c t i o n a l  r e l a t i o n s h i p s  over t i m e  does 
no t  begin u n t i l  a l l  demand i s  on t h e  system. 
pene t r a t ion  i s  s p e c i f i e d  as a s e p a r a t e  op t ion  (OPTION 51) and is  
t r e a t e d  independently.  
Commercial market 
All demand i s  on t h e  system only when 100% 
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I 
market p e n e t r a t i o n  has  been achieved f o r  r e s i d e n t i a l  ( i f  any) and 
commercial ( i f  any) service. 
Market p e n e t r a t i o n  is not  t o  be confused wi th  market sat- 
u r a t i o n  (OPTION 3 4 ) .  Market s a t u r a t i o n  d e f i n e s  t h e  u l t i m a t e  num- 
ber  of households c o n v e r t i b l e  t o  geothermal,  and market p e n e t r a t i o n  
i s  t h e  f r a c t i o n  o f  those t h a t  j o i n  t h e  system as a func t ion  of t i m e .  
Cost per ResidentiaZ Hookup (OPTION 28) .  This  op t ion  al lows 
t h e  use r  t o  s p e c i f y  t h e  cos t  of a hookup t o  a household of each 
housing type.  (When t h e  program i s  run,  t h e  average c o s t  f o r  a 
hookup i s  a l s o  p r i n t e d  ou t . )  
Commercial S p e c i f i c  Options 
Define A Z Z  Characteristics of Comercia2 Bui Zdings (OPTION 
4 5 ) .  
acterist ics of each type  of commercial bu i ld ing .  Once a set of 
bu i ld ing  types  has  been def ined  ( e i t h e r  wi th  t h i s  op t ion  o r  t h e  
d e f a u l t  s c e n a r i o ) ,  t h e  i n d i v i d u a l  c h a r a c t e r i s t i c s  f o r  a p a r t i c u l a r  
type  of bu i ld ing  can be  s p e c i f i e d  us ing  OPTIONS 46 through 48. 
This  op t ion  i s  used t o  d e f i n e  o r  r ede f ine  a l l  unique char- 
OPTION 45 f i r s t  r e q u e s t s  i npu t  of t h e  number of b u i l d i n g  
types  t o  be def ined.  Then, f o r  each of t h e s e  types ,  t h e  u s e r  must 
spec i fy  t h e  t y p i c a l  f l o o r  space per bu i ld ing ,  
demand ( i n  (B tu / f t2 )  /deg-day) , t h e  domestic ho t  water hea t ing  de- 
mand ( i n  (B tu / f t2 ) /day ) ,  and t h e  number of bu i ld ings  of t h a t  type.  
t h e  space hea t ing  
I f  t h e  use r  has  def ined  a set of bu i ld ing  types  and then  
wishes t o  test a scena r io  wi th  no commercial bu i ld ings ,  t h e  sug- 
ges ted  method i s  t o  choose OPTION 5 ' s  r e s i d e n t i a l  s cena r io  and 
s p e c i f y  no commercial bu i ld ings ,  r a t h e r  than  t o  s p e c i f y  zero bui ld-  
i ng  types  i n  t h i s  opt ion.  This  will automat ica l ly  change t h e  num- 
b e r  of bu i ld ings  of each type  t o  zero whi le  r e t a i n i n g  t h e  bui ld-  
i n g  c h a r a c t e r i s t i c s .  I n  t h i s  way, t h e  b u i l d i n g  d e f i n i t i o n s  can be 
r e a c t i v a t e d  by changing t h e  number of bu i ld ings  of each type  t o  
some p o s i t i v e  number. 
FZoor Area of Commercia2 BuiZding Types (OPTION 46). OPTION 
46 al lows t h e  use r  t o  s p e c i f y  t h e  f l o o r  space per b u i l d i n g  of a 
p a r t i c u l a r  bu i ld ing  type  t h a t  has  a l r e a d y  been def ined.  
should be en tered  i n  thousands of square f e e t ;  t hus  a 25,000 f t 2  
bu i ld ing  would be input  as 25. 
The va lue  
Heating Requirements of Commercia2 Bui Zding Types (OPTION 
4 7 ) .  OPTION 47 al lows t h e  u s e r  t o  s p e c i f y  t h e  hea t ing  demand f o r  
a p a r t i c u l a r  bu i ld ing  type. Both space hea t ing  requirements  ( i n  
( B t u / f t 2 )  /deg-day) and domestic ho t  water hea t ing  requirements  ( i n  
(Btu / f t2) /day)  must be spec i f i ed .  
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Nwnber of Commercial Buildings of Each Type (OPTION 4 8 ) .  
OPTION 48 a l lows  t h e  u s e r  t o  s p e c i f y  t h e  number of bu i ld ings  of a 
p a r t i c u l a r  bu i ld ing  type.  
t o t a l  square  footage  t o  be served (and t h e r e f o r e  t h e  t o t a l  hea t ing  
demand f o r  t h a t  bu i ld ing  type)  p l u s  t h e  number of commercial hook- 
ups t h a t  w i l l  be  necessary.  
This  w i l l  be  used t o  determine t h e  
Rate of Commercial Market Penetration (OPTION 5 1 ) .  
s p e c i f i e s  commercial market pene t r a t ion  i n  OPTION 51 as he does i n  
OPTION 1 9  ( r e s i d e n t i a l  market pene t r a t ion ,  page 60). It must be 
noted t h a t  t h e  two s e c t o r s  are independent. If r e s i d e n t i a l  market 
p e n e t r a t i o n  i n  OPTION 19 has  been s p e c i f i e d  as a l i n e a r  func t ion  
s t a r t i n g  a t  15% and inc reas ing  annual ly  by 8% and OPTION 51 uses  a 
l o g i s t i c  func t ion  s t a r t i n g  a t  50% and reaching  100% i n  year  15, then  
t h e  program w i l l  s imu la t e  e x a c t l y  t h a t .  
d i f f e r e n t  market p e n e t r a t i o n  rates should be  c a r e f u l  t o  remain 
aware of t h e  o t h e r  s e c t o r ' s  market pene t r a t ion  ra te ,  s i n c e  changing 
one w i l l  no t  change t h e  o the r .  
The u s e r  
Users experimenting wi th  
Also, t h e  schedul ing of t h e  i n s t a l l a t i o n  of t h e  d i s t r i b u t i o n  
system (OPTION 35) must be completed by t h e  t i m e  a l l  commercial 
demand is  on t h e  system, as it  i s  i n  t h e  r e s i d e n t i a l  case. For 
computational purposes ,  t h e  program treats t h e  coming on l i n e  of 
t h e  commercial bu i ld ings  as a cont inuous process  i n  terms of f l o o r  
space r a t h e r  than  as d i s c r e t e  bu i ld ings .  Market p e n e t r a t i o n  does 
no t  begin u n t i l  a f t e r  t h e  resource  assessment per iod  has  been com- 
p l e t ed .  
Length of Distribution System for Commercial Buildings (OP- 
TION 5 0 ) .  Unlike t h e  r e s i d e n t i a l  p o r t i o n  of t h e  d i s t r i c t  hea t ing  
system where t h e  l eng th  of t h e  d i s t r i b u t i o n  system i s  c a l c u l a t e d  
by GRITS based on housing d e n s i t y ,  t h e  t o t a l  l eng th  of t h e  system 
serv ing  commercial bu i ld ings  is  e x p l i c i t l y  s p e c i f i e d  i n  m i l e s  by 
t h e  user .  It i s  then  added t o  t h e  r e s i d e n t i a l  system f o r  c o s t  
c a l c u l a t i o n s  and r e p o r t i n g  i n  t h e  GRITS output .  
Hookup Cost for Commercial Buildings (OPTION 4 9 ) .  OPTION 
49 a l lows  t h e  use r  t o  s p e c i f y  t h e  c o s t  of each commercial b u i l d i n g  
hookup t o  t h e  d i s t r i c t  hea t ing  system. 
each bu i ld ing  type.  This  c o s t  i s  m u l t i p l i e d  by t h e  t o t a l  number 
of commercial b u i l d i n g s  t o  determine t h e  commercial hookup c o s t .  
The same c o s t  is  used f o r  
I n d u s t r i a l  Demand Options 
Industrial Uti l izat ion Factor (OPTION 3 1 ) .  This opt ion  i s  
used t o  s p e c i f y  t h e  percentage of t i m e  t h a t  t h e  i n d u s t r i a l  p rocess  
r e q u i r e s  geothermal energy a t  t h e  maximum pumping rate. For ex- 
ample, a p l a n t  us ing  geothermal hea t  f o r  1 2  hours pe r  day f o r  7 
days pe r  week would have a u t i l i z a t i o n  f a c t o r  of 50%. 
hours t h e  w e l l  does not opera te .  
During o t h e r  
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(OPTION 31 is ignored in the residential/commercial mode 
where the utilization is determined by the distribution of space 
heating demand.) 
Specified Industria2 Process Heat Demand (OPTION 53) .  This 
~~ 
option applies only in the demand-specified case. 
wishes to run a demand-specified industrial scenario, OPTION 53 is 
If the user 
used to indicate the industrial process heat demand (in millions 
of Btu/hr) during hours of operation. 
year that the process operates is specified as the industrial 
utilization factor (OPTION 31). 
The fraction of hours of the 
The industrial process heat demand specified in this option 
is completely independent of the number that a resource-constrained 
run of the same scenario might project. OPTION 53 is completely 
ignored in the resource-constrained case. Likewise, the industrial 
process heat supplied in the resource-constrained case is ignored 
in the demand-specified case when OPTION 53's value is used. See 
the description of OPTION 9 (the choice of resource- or demand-con- 
strained mode) for further details. 
FINANCIAL CONDITION OPTIONS 
Economic Accounting Method (OPTION 40)  
The user can select either or both of two economic account- 
ing methods. Discounted average cost gives a measure of the cost 
of providing energy over the life of the project and does not take 
into account any hypothesized revenue stream. Net present value 
assumes a selling price of system energy (OPTION 36) and represents 
the present value of the stream of net revenues over the life of 
the project. For a full explanation of these financial measures, 
refer to Section 2 and Appendix A. 
Length of Study Period and Interval for Cost Calculations (OPTION 33) 
OPTION 33 is used to specify the length of the time period 
under study and the interval between cost calculations. The spec- 
ified study period should be chosen to reflect the economic time 
frame of concern. A potential developer may be interested in 
specifying a length of time that is shorter than that for which 
the geothermal project may be capable of operating since there is 
a significant amount of risk involved. Because risk implies in- 
creasing doubt about the long term viability of the project, the 
developer may want to be'certain that the project is profitable 
in the short run. 
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It should be understood t h a t  t h e  s tudy  per iod inc ludes  t h e  
r e source  assessment per iod ,  so  t h a t  a 20 year  s tudy per iod (yea r s  
0 t o  19)  wi th  a one year  r e source  assessment per iod (year  0) w i l l  
only be s imulated f o r  19  of i t s  ope ra t ing  y e a r s  (yea r s  1 t o  19 ) .  
I f  a 20 year  ope ra t ing  per iod  is  t o  be examined wi th  a one year  
r e source  assessment pe r iod ,  t h e  use r  should spec i fy  a 21 year  s tudy  
per iod  (yea r s  0 t o  20) t o  r e s u l t  i n  a resource  u t i l i z a t i o n  per iod 
of t h e  20 yea r s ,  1 t o  20. 
GRITS does no t  permit a s tudy  per iod  longer  than  30 yea r s .  
The s tudy  per iod  can be viewed as e i t h e r  a snapshot of t h e  
f i r s t  yea r s  of t h e  p r o j e c t  o r  as t h e  complete c r i t e r i o n  f o r  eval- 
d a t i o n .  I n  t h e  f i r s t  case, c o s t s  (such as c a p i t a l  debt  s e r v i c e  
payments) may be known t o  cont inue  a f t e r  t h e  end of t h e  s tudy  
per iod bu t  are t o  be  ignored. I n  t h e  second case, a l l  c a p i t a l  
equipment must be pa id  o f f  by t h e  end of t h e  s tudy  per iod .  
a l lows  e i t h e r  of t h e s e  conventions t o  be followed by us ing  t h e  
OPTION 15 s p e c i f i c a t i o n  of t h i s  assumption (page 65).  
GRITS 
The i n t e r v a l  of c o s t  c a l c u l a t i o n s  i s  simply a computational 
parameter.  Ord ina r i ly ,  c a l c u l a t i o n s  are performed f o r  each year  
i n  t h e  s tudy  per iod .  
a l a r g e r  increment - say 5 yea r s  - between c a l c u l a t i o n s  t o  make 
less expensive,  rough estimates. GRITS then  performs a l i n e a r  in-  
t e r p o l a t i o n  of t o t a l  c o s t  and revenue and energy f o r  yea r s  skipped. 
Only those  y e a r s  c a l c u l a t e d  can be  repor ted  i n  t h e  output  f i l e ,  
p l o t t i n g  f i l e s ,  o r  on t h e  terminal .  Experience has  shown, however, 
t h a t  i n t e r v a l s  of one year  should be chosen because t h e  annual 
stream of c o s t s  u sua l ly  shows sharp  jumps (at t h e  year  of purchase 
of new c a p i t a l  equipment, f o r  example) t h a t  are missed i n  a l i n e a r  
i n t e r p o l a t i o n  between skipped yea r s  wi th  a l a r g e r  i n t e r v a l ,  GRITS 
is  s o  inexpensive t o  run  t h a t  t h e  sav ings  of us ing  g r e a t e r  calcu- 
l a t i n g  i n t e r v a l s  is gene ra l ly  no t  worth t h e  accompanying inaccura- 
cies. 
However, i f  t h e  u s e r  chooses he  can s p e c i f y  
F i n a l l y ,  f o r  genera t ing  output  d a t a  wi th  t h e  p l o t  f i l e s  of 
OPTION 8, one year  i n t e r v a l s  are s t r o n g l y  recommended t o  maintain 
t h e  smoothest and most p r e c i s e  curves .  
Resource Assessment Per iod and Cost (OPTION 41) 
OPTION 4 1  is used t o  s p e c i f y  t h e  resource  assessment per iod 
and i t s  annual c o s t  ( i n  thousands of d o l l a r s ) .  Resource assessment 
i nc ludes  exp lo ra t ion ,  t e s t i n g ,  and l i c e n s i n g .  During t h i s  per iod ,  
no cons t ruc t ion ,  i n s t a l l a t i o n ,  purchase of equipment, o r  o t h e r  
work on t h e  geothermal system i s  undertaken. Resource dep le t ion  
and market p e n e t r a t i o n  a l s o  do n o t  begin u n t i l  t h e  u t i l i z a t i o n  
phase,  nor  do o t h e r  c o s t s  o r  revenues.  
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Capi t a l  Equipment L i f e  (OPTION 15)  
This  op t ion  a l lows  t h e  use r  t o  s p e c i f y  both t h e  phys ica l  and 
f i n a n c i a l  l i f e  of t h e  c a p i t a l  equipment by component: 
1. Wells, 
2. Piping system ( d i s t r i b u t i o n  and t ransmiss ion  l i n e s ) ,  
3 .  Heat exchangers,  
4 .  Pumps, 
5. Hookups, 
6. F o s s i l  f u e l  b o i l e r ,  and 
7. Storage tank. 
The u s e r  may a l s o  elect t o  s p e c i f y  t h e  same l i f e  f o r  
0. a l l  equipment 
a t  once. 
The phys ica l  l i f e  i n d i c a t e s  t h e  number of yea r s  t h a t  a cap- 
i t a l  component can opera te .  
system f o r  i t s  phys ica l  l i f e ,  i t  w i l l  be  rep laced  i n  t h e  fol lowing 
year .  
Af t e r  a component has  been on t h e  
The f i n a n c i a l  l i f e  o r  amor t iza t ion  per iod  i n d i c a t e s  t h e  
l e n g t h  of time over  which t h e  equipment w i l l  be  pa id  f o r  i n  f i x e d  
(nominal d o l l a r )  debt  service payments. T h i s  per iod m a y  not  ex- 
tend beyond t h e  phys ica l  l i f e  of t h e  equipment ( t h a t  is, i t  must 
be paid f o r  by t h e  end of i t s  u s e f u l  l i f e ) .  However, t h e  amorti- 
z a t i o n  per iod  may be s h o r t e r  than  t h e  phys ica l  l i f e ,  meaning t h a t  
t h e  c a p i t a l  component w i l l  be  completely pa id  f o r  be fo re  i t  must 
be replaced.  
Thus, i t  is p o s s i b l e  f o r  a w e l l  t h a t  is  expected t o  have a 
30 year  l i f e  t o  be amortized over 30 years .  
may dec ide  t o  amort ize  i t  over  only  15 yea r s ,  i n  which case t h e  
f i n a l  15  yea r s  would have no w e l l ' d e b t  service payments. 
However, t h e  developer  
The previous examples i m p l i c i t l y  assumed t h a t  t h e  p r o j e c t  
had a 30 year  evaxuat ion per iod .  
r e l a t i v e l y  r i s k y  geothermal p r o j e c t s  are o f t e n  much s h o r t e r .  
means t h a t  a c a p i t a l  component having a 30 year  amor t iza t ion  per iod  
would no t  be  paid o f f  be fo re  t h e  end of a 20 year  eva lua t ion  per iod .  
I n  f a c t ,  eva lua t ion  pe r iods  f o r  
This  
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This  may be d e s i r a b l e  i f  t h e  eva lua t ion  per iod is  viewed as a snap- 
s h o t  of t h e  p r o j e c t ' s  e a r l y  yea r s ,  r a t h e r  than  t h e  f u l l  l i f e  of t h e  
p r o j e c t  . 
However, OPTION 15 permi ts  t h e  u s e r  t o  fo l low a s p e c i a l  con- 
vent ion:  i f  he  chooses,  a l l  equipment w i l l  be  paid f o r  by t h e  end 
of t h e  eva lua t ion  per iod.  Thus, i f  t h i s  f l a g  i s  set and t h e  pro- 
j ec t  has  a 20 year  eva lua t ion 'pe r iod ,  a c a p i t a l  component having a 
s p e c i f i e d  30 year  amor t iza t ion  per iod would a c t u a l l y  be forced t o  
be paid o f f  i n  20 years .  
phys i ca l  and f i n a n c i a l  l i f e  of 15  yea r s  would cause a replacement 
t o  be purchased i n  year  15. 
amortized over only t h e  next  f i v e  years .  The i n d i c a t i o n  t h a t  t h i s  
convention i s  i n  e f f e c t  i s  made by an a s t e r i s k  (*) next  t o  t h e  
amor t iza t ion  per iod i n  scena r io  l i s t i n g s .  
S imi l a r ly ,  a component having both a 
This  new component would then  be 
Real o r  Nominal Do l l a r s  and I n f l a t i o n  Rate (OPTION 25) 
This  op t ion  serves two purposes:  f i r s t ,  t h e  use r  selects 
whether c a l c u l a t i o n s  are t o  be  performed i n  real o r  nominal d o l l a r s  
and second, t h e  i n f l a t i o n  ra te  must be se l ec t ed .  
The choice  of real o r  nominal d o l l a r s  r e q u i r e s  a cer ta in  
understanding of economic a n a l y s i s  techniques.  General ly ,  econom- 
ists  p r e f e r  t o  c a l c u l a t e  economic e f f e c t s  i n  terms of real ( o r  
"constant") d o l l a r s ,  which are u n i t s  t h a t  s ta te  va lues  i n  terms of 
base  year  d o l l a r s ,  d i scount ing  t h e  e f f e c t s  of t h e  genera l  rate of 
i n f l a t i o n .  Since f u t u r e  i n f l a t e d  d o l l a r s  are worth less i n  pur- 
chasing power than  p resen t  d o l l a r s ,  they should be  brought back t o  
a common base-year va lue  f o r  comparison t o  p re sen t  d o l l a r s .  Real 
d o l l a r  c a l c u l a t i o n s  are t h e  recommended choice  f o r  ana lyses  us ing  
GRITS. 
An a n a l y s i s  us ing  nominal (o r  "current")  d o l l a r s  estimates 
c o s t s  in i n f l a t e d  d o l l a r s  t h a t  have l i t t l e  resemblance t o  t h e  pres-  
e n t  va lue  of a d o l l a r .  The rate of i n f l a t i o n  s p e c i f i e d  by t h e  use r  
i s  s p e c i f i e d  as a s i n g l e  average number over t h e  l i f e  of t h e  pro- 
ject .  It i s  used i n  GRITS'S c a l c u l a t i o n s  f o r  d i f f e r e n t  purposes,  
depending on whether real  o r  nominal d o l l a r s  are being used. 
t h e  r e s u l t s  are t o  be repor ted  i n  real d o l l a r s ,  t h e  f ixed  nominal 
annual debt  service payments are a c t u a l l y  worth less i n  real d o l l a r s  
i n  t h e  f u t u r e ;  they  are d e f l a t e d  by t h e  s p e c i f i e d  annual i n f l a t i o n  
rate. The ope ra t ion  and maintenance and pump overhaul  c o s t s  are 
o r d i n a r i l y  c a l c u l a t e d  i n  real d o l l a r s  and need no adjustment f o r  
i n f l a t i o n .  I f  r e s u l t s  are chosen t o  be repor ted  i n  nominal d o l l a r s ,  
t h e  debt  s e r v i c e  payments are f ixed  i n  nominal terms, s o  they  need 
no adjustment.  The ope ra t ing  c o s t s  ca l cu la t ed  i n  real terms (op- 
e r a t i o n  and maintenance and pump overhaul) are i n f l a t e d  by t h e  
When 
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s p e c i f i e d  i n f l a t i o n  rate. For both  t h e  real and nominal d o l l a r  
cases, i t  is  assumed t h a t  t h e  energy p r i c e s  ( f o s s i l  f u e l ,  elec- 
t r i c i t y ,  and system s e l l i n g  p r i c e s )  have been s p e c i f i e d  i n  t h e  
appropr i a t e  d o l l a r  convention ( r e a l  o r  nominal),  whichever method 
is  being used. It i s  t h e  u s e r ' s  r e s p o n s i b i l i t y  t o  maintain t h i s  
consis tency.  Using OPTION 25 t o  switch from real t o  nominal dol- 
lars o r  back w i l l s  au tomat ica l ly  a d j u s t  t h e  energy p r i c e  speci-  
f i c a t i o n s  f o r  i n f l a t i o n ;  t h a t  must be  done by t h e  use r .  
1 Discount Rate (OPTION 37) 
The u s e r  s p e c i f i e s  t h e  d iscount  rate us ing  OPTION 37. The 
d iscount  rate i n d i c a t e s  t h e  va lue  t o  t h e  developer of r ece iv ing  
r e t u r n s  e a r l y  r a t h e r  than la ter ,  o r  of de lay ing  payments ( t h e  rate 
of t i m e  p re fe rence ) ,  
bu t  none f o r  i n f l a t i o n  o r  i n t e r e s t .  Sec t ion  2 desc r ibes  t h e  d i s -  
count rate i n  d e t a i l .  The d iscount  rate i s  only used t o  d iscount  
f u t u r e  c o s t s  i n  computing discounted average c o s t  and t o  d iscount  
revenues i n  t h e  case of n e t  p re sen t  va lue  c a l c u l a t i o n s  (see Appen- 
d i x  A ) .  The func t ions  of t h e  i n f l a t i o n  and i n t e r e s t  rates are de- 
s c r ibed  elsewhere i n  t h i s  s e c t i o n ,  Sec t ion  2 ,  and Appendix A. 
It may inc lude  a component t h a t  r e f l e c t s  r i s k ,  
I n t e r e s t  Rate (OPTION 27) 
OPTION 27 i s  used t o  spec i fy  t h e  i n t e r e s t  rate t h a t  t h e  
developer  must pay f o r  borrowing t o  purchase c a p i t a l  equipment. 
The c a p i t a l  recovery f a c t o r  used t o  determine t h e  annual payments 
i s  based on t h i s  rate. 
It is  t h e  r e s p o n s i b i l i t y  of t h e  use r  t o  be  s u r e  t h a t  t h e  
i n t e r e s t  rate i s  s p e c i f i e d  c o r r e c t l y ,  s i n c e  i t ,  t h e  d iscount  rate, 
and t h e  i n f l a t i o n  rate are inpu t  independent ly  and cannot be 
cross-checked t o  confirm i n t e r n a l  cons is tency  of t h e  user's in- 
t e n t i o n s .  The i n t e r e s t  rate should inco rpora t e  f a c t o r s  inc luding  
time preference ,  r i s k ,  and i n f l a t i o n .  See Sec t ion  2 and Appendix 
A f o r  a f u l l  explanat ion.  
S e l l i n g  P r i c e  of Geothermal System Energy (OPTION 36) 
OPTION 36 is  used t o  s p e c i f y  t h e  s e l l i n g  p r i c e  of energy 
produced by t h e  hea t ing  system being modeled. 
when a revenue stream i s  des i r ed  (i.e.,  when net p re sen t  va lue  is  
one of t h e  economic account ing methods s p e c i f i e d  i n  OPTION 4 0 ) .  
It i s  used only 
The system s e l l i n g  p r i c e  can be  dec lared  as fol lowing any 
of f i v e  pa ths  over t h e  l i f e  of t h e  p r o j e c t :  
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1. A m u l t i p l e  of f o s s i l  f u e l  p r i c e ,  
2. A m u l t i p l e  of e l e c t r i c i t y  p r i c e ,  
3. A cons tan t ,  
4 .  A l i n e a r  func t ion ,  o r  
5. A compounded ra te  of change func t ion .  
The i n i t i a l  p r i c e  f o r  year  0 is  inpu t  i n  d o l l a r s  pe r  m i l l i o n  
Btu i n  c u r r e n t  base-year p r i c e s  ( ind ica t ed  i n  GRITS'S welcoming 
message). I f  t h e  scena r io  i s  t o  be run  i n  real d o l l a r s ,  t h e  p r i c e  
t r end  should only  account f o r  real p r i c e  inc reases ,  bu t  i f  t h e  
scena r io  i s  t o  be run  i n  nominal d o l l a r s ,  then  t h e  p r i c e  t rend  
should account f o r  cu r ren t  d o l l a r  ( inc luding  i n f l a t i o n )  p r i c e s .  
I f  t h e  system s e l l i n g  p r i c e  i s  chosen t o  be  a m u l t i p l e  of 
t h e  f o s s i l  f u e l  o r  e l e c t r i c i t y  price,  GRITS makes the proper  u n i t  
conversion of each t o  d o l l a r s  per  m i l l i o n  Btu be fo re  applying t h e  
m u l t i p l i c a t i v e  f a c t o r .  
E l e c t r i c i t y  P r i c e  (OPTION 20) 
The use r  may s p e c i f y  t h e  p r i c e  t rend  of e l e c t r i c i t y  t o  t h e  
developer  us ing  OPTION 20. E l e c t r i c i t y  p r i c e  a f f e c t s  GRITS'S pump- 
i n g  c o s t s .  Also, t h e  use r  may s p e c i f y  i n  OPTION 36 t h a t  t h e  sell- ,  
i ng  p r i c e  of geothermal system hea t  be pegged t o  t h e  p r i c e  of elec- 
t r i c i t y  . 
The e l e c t r i c i t y  p r i c e  can be  dec lared  as fol lowing any of 
t h r e e  pa ths  over t h e  l i f e  of t h e  p r o j e c t :  ( a )  l i n e a r ,  (b) log- 
a r i t hmic ,  o r  ( c )  compounded percentage rate of i nc rease .  (A con- 
s tan t  p r i c e  can be s p e c i f i e d  by us ing  a l i n e a r  func t ion  wi th  zero 
annual  change.) 
The i n i t i a l  p r i c e  f o r  year  0 i s  t o  be inpu t  in- cents/kWh i n  
c u r r e n t  base-year p r i c e s  ( ind ica t ed  i n  GRITS'S welcoming message). 
I f  t h e  scena r io  is  t o  be run  i n  nominal d o l l a r s ,  then  t h e  p r i c e  
t rend  should account f o r  c u r r e n t  d o l l a r  ( i nc lud ing  i n f l a t i o n )  
p r i ces .  
F o s s i l  Fuel  P r i c e  (OPTION 29) 
The u s e r  may s p e c i f y  t h e  p r i c e  t r end  of f o s s i l  f u e l  us ing  
OPTION 29. The f o s s i l  f u e l  p r i c e  i s  used t o  c a l c u l a t e  t h e  c o s t  
of peaking energy i n  system opera t ion .  It is  a l s o  used t o  cal- 
c u l a t e  sav ings  i n  ope ra t ing  c o s t s  between t h e  geothermal system 
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and a comparably s i z e d  foss i l - fue l -only  system. (Based on a con- 
v e r s i o n  e f f i c i e n c y  from f o s s i l  f u e l  t o  h e a t  of 75%, t h e  amount of 
f o s s i l  Btu burned i s  assumed t o  be 33% more than  are generated as 
hea t ) .  Also, t h e  user may s p e c i f y  i n  OPTION 36 t h a t  t h e  s e l l i n g  
p r i c e  of geothermal system hea t  be pegged t o  t h e  p r i c e  of f o s s i l  
fue l .  
The f o s s i l  f u e l  p r i c e  can be  dec lared  as fol lowing any of 
t h r e e  pa ths  over t h e  l i f e  of t h e  p r o j e c t :  ( a )  l i n e a r ,  (b)  log- 
arithmic, o r  (c) compounded percentage rate of i nc rease .  (A con- 
s t a n t  p r i c e  can be s p e c i f i e d  by us ing  a l i n e a r  func t ion  wi th  zero 
annual change. ) 
The i n i t i a l  p r i c e  f o r  year  0 i s  t o  be  inpu t  i n  d o l l a r s  pe r  
m i l l i o n  Btu i n  c u r r e n t  base-year p r i c e s  ( ind ica t ed  i n  GRITS'S w e l -  
coming message). 
p r i c e  t r end  should only  account f o r  real p r i c e  i n c r e a s e s ,  bu t  i f  
t h e  scena r io  is  t o  be run  i n  nominal d o l l a r s ,  then  t h e  p r i c e  t r end  
should account f o r  c u r r e n t  d o l l a r  ( i nc lud ing  i n f l a t i o n )  p r i c e s .  
I f  t h e  scena r io  i s  t o  be run  i n  real d o l l a r s ,  t h e  
Well Cost Adjustment Fac tor  (OPTION 16)  
GRITS'S i n t e r n a l  equat ion  f o r  c a l c u l a t i n g  t h e  c o s t  of pro- 
duc t ion  and r e i n j e c t i o n  w e l l s  is  based on r e c e n t l y  publ ished d a t a  
(see Appendix A).  However, a developer  may have obtained a site- 
s p e c i f i c  estimate f o r  the w e l l  cos t .  
s p e c i f y  a m u l t i p l i e r  t o  a d j u s t  t h e  s tandard  estimate made by GRITS. 
I n  such a case, t h e  use r  can 
Once t h e  u s e r  has  s p e c i f i e d  a c o s t  adjustment f a c t o r  d i f -  
ferent from 1.0, he should n o t e  t h a t  i f  he later changes t h e  w e l l  
dep th  o r  number of w e l l s  (bo th  product ion and r e i n j e c t i o n )  t h i s  
s p e c i f i e d  adjustment  f a c t o r  w i l l  s t i l l  apply,  and w i l l  cause t h e  
t o t a l  w e l l  cost t o  be revised according t o  t h e  s tandard  cos t  equa- 
t i o n  m u l t i p l i e d  by t h e  adjustment f a c t o r .  
For example, suppose t h e  developer  has  been assured  by a 
c o n t r a c t o r  t h a t  i t  w i l l  c o s t  $1 m i l l i o n  f o r  5000 f o o t ' w e l l .  Run- 
n ing  h i s  s cena r io  wi th  a c o s t  adjustment f a c t o r  of 1.0, GRITS may 
estimate t h e  c o s t  t o  be  $1.5 mi l l i on .  To more a c c u r a t e l y  d e p i c t  
t h e  scena r io ,  t h e  developer  might s p e c i f y  a cos t  adjustment f a c t o r  
of 0.67, which w i l l  cause t h e  est imated w e l l  c o s t  t o  be $1 mi l l i on .  
Suppose t h a t  t h e  developer  wishes t o  check t h e  e f f e c t  on pumping 
if t h e  w e l l  must be d r i l l e d  6000 f e e t  ( t h e  c o n t r a c t o r  must s t i l l  
d r i l l  t h e  w e l l  f o r  $1 m i l l i o n ) .  When t h e  w e l l  depth i s  changed t o  
6000 f e e t ,  t h e  est imated c o s t  w i l l  a l s o  change, s ay  t o  $1.3 m i l l i o n  
even wi th  t h e  0.67 adjustment f a c t o r .  
c o s t ,  t h e  c o s t  adjustment f a c t o r  w i l l  have t o  changed again.  While 
t h e  f a c t o r  can be u s e f u l  i n  ove r r id ing  GRITS'S s tandard  c o s t  esti- 
mating equat ions ,  t h i s  example shows t h e  d i f f i c u l t i e s  t h a t  can 
arise and of which t h e  u s e r  must be  aware. 
So, t o  keep a $1 m i l l i o n  
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Heat Exchanger Cost Adjustment Factor  (OPTION 1 7 )  
This  c o s t  adjustment  f a c t o r  works i n  a manner similar t o  t h e  
w e l l  c o s t  adjustment f a c t o r  (OPTION 1 6 ) .  The m u l t i p l i e r  can be 
used t o  reflect  a more co r ros ion - re s i s t an t  material, f o r  example. 
Note t h a t  changing t h e  flow, wellhead temperature,  o r  reject  t e m -  
p e r a t u r e  a l s o  has  an  e f f e c t  on t h e  h e a t  exchanger c o s t ,  so t h e  use r  
should be aware t h a t  subsequent changes i n  any of t h e s e  op t ions  
w i l l  change t h e  prev ious ly  est imated c o s t .  
Also, s i n c e  t h e  h e a t  exchanger i s  s i zed  according t o  t h e  
i n i t i a l  y e a r ' s  maximum flow, i t  must be  noted t h a t  i n  t h e  demand- 
s p e c i f i e d  mode t h e  annual f low is adjus ted  p ropor t iona l ly  so t h a t  
t h e  f i n a l  y e a r ' s  f low j u s t  meets t h e  s p e c i f i e d  demand. Since t h i s  
ad jus t ed  flow i s  no t  known u n t i l  t h e  scena r io  is  executed, t h e  
es t imated  h e a t  exchanger c o s t  p r i n t e d  out  wi th  t h i s  op t ion  may be  
a g ross  overes t imate ,  based on a much h igher  flow than  w i l l  actu-  
a l l y  be used i n  t h e  scenar io .  The user should cons ider  t h i s  f a c t  
i n  such a s i t u a t i o n .  
In any case, a t  t h e  t i m e  t h e  scena r io  i s  run,  t h e  proper  
h e a t  exchanger c o s t s  are ca lcu la t ed .  
D i s t r i b u t i o n  System Pipe Costs  (OPTION 2 2 )  
The average c o s t  pe r  m i l e  of d i s t r i b u t i o n  system p ipe  i s  in-  
put  us ing  OPTION 22.  A s  a pre l iminary  eva lua t ion  t o o l ,  GRITS does 
n o t  a t tempt  t o  c a l c u l a t e  necessary  o r  optimum p ipe  s i z e s ,  so t h a t  
t h e  use r  t akes  t h e  r e s p o n s i b i l i t y  of e s t ima t ing  t h e  cos t  of t h e  
p ipe  i n  t h e  p a r t i c u l a r  s cena r io  under s tudy.  
h a s  been chosen t o  be  wi th in  a reasonable  range of t y p i c a l  c o s t s . )  
(The d e f a u l t  va lue  
Bo i l e r  Cost (OPTION 30) 
OPTION 30 i s  used t o  s p e c i f y  t h e  c o s t  of peaking b o i l e r  ca- 
p a c i t y  ( f o r  res ident ia l /commerc ia l  o r  f o r  i n d u s t r i a l  f o s s i l - f u e l -  
on ly  a p p l i c a t i o n s .  The c o s t  is  inpu t  i n  terms of dol la rs /hundred  
thousand Btu/hour. 
S torage  Tank Capacity (OPTION 2 4 )  
The c o s t  of t h e  s t o r a g e  tank  is dependent on i t s  capac i ty ,  
which i s  gene ra l ly  descr ibed  i n  terms of hours  of flow. 
ample, i f  t h e  use r  s p e c i f i e s  t h a t  a system us ing  a flow of 1000 
gal/min has  a s t o r a g e  tank  capac i ty  of 1 hour,  then  t h e  program 
w i l l  s i z e  t h e  tank  t o  60,000 ga l lons  (1000 gal/min x 60 min/hr ) .  
I f  t h e r e  is t o  be no s t o r a g e  tank ,  s p e c i f y  a capac i ty  of 0 hours.  
For ex- 
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Operation and Maintenance Costs (OPTION 44) 
The real annual c o s t  of ope ra t ion  and maintenance (O&M) is 
taken as a s p e c i f i e d  percentage of t o t a l  i n i t i a l  purchase p r i c e  of 
a l l  p i eces  of capi ta l  equipment. For example, if a l l  c a p i t a l  com- 
ponents were purchased i n i t i a l l y  f o r  $1 m i l l i o n ,  a 1% opera t ion  
and maintenance c o s t  would mean an annual real O&M c o s t  of $10,000. 
INTERPRETING GRITS'S OUTPUT 
A t  t h e  u s e r ' s  op t ion ,  GRITS can r e p o r t  i t s  s imula t ion  re- 
s u l t s  a t  a v a r i e t y  of l e v e l s  of d e t a i l .  A few summary l i n e s  may 
be requested a t  t h e  te rmina l ,  o r  a d e t a i l e d  p r i n t o u t  of each year  
of a s imula t ion  can be made. Appendix C con ta ins  s e v e r a l  sample 
p r i n t o u t s  of b a s i c  s cena r io  runs.  Reeul t s  repor ted  a t  t h e  t e rmina l  
may con ta in  almost as much annual d e t a i l ,  o r  merely s e v e r a l  summary 
measures. 
General ly ,  because of t h e  g r e a t  number of program op t ions  
and t h e  ease of u se  of GRITS a t  t h e  t e rmina l ,  t h e  recommended 
procedure t o  ope ra t e  t h e  program i s  t o  e n t e r  t h e  scena r io  through 
t h e  va r ious  program op t ions ,  and then  t o  genera te  a p r i n t o u t  of t h e  
scena r io  run as a test. Taking t i m e  t o  examine t h e  p r i n t o u t ,  which 
con ta ins  a f u l l  l i s t i n g  of s cena r io  s p e c i f i c a t i o n s ,  o f t e n  saves much 
wasted t i m e  t h a t  might occur because of no t  changing a f o r g o t t e n  
opt ion .  
For each scena r io  run p r i n t o u t ,  t h e  f i r s t  several pages con- 
t a i n  a l i s t i n g  of t h e  scena r io ,  followed by a t a b l e  of i n i t i a l  pur- 
chase price of c a p i t a l  equipment. 
y e a r s  t o  fo l low,  e i t h e r  i n  summary form o r  i n  f u l l  d e t a i l .  
e i t h e r  case, t h e  f i n a l  page of t h e  s c e n a r i o ' s  r e p o r t  con ta ins  t h e  
p r o j e c t ' s  summary f i n a n c i a l  measures. 
Annual r e p o r t s  f o r  t h e  s e l e c t e d  
I n  
A t  t h i s  p o i n t  several comments and expansions on p r i n t o u t  
r e s u l t s  may be he lp fu l .  
t h e  annual  s t a t u s  of time-varying system parameters  i s  shown. 
eral v a r i a b l e s  t h a t  are by n a t u r e  f ixed  over  t i m e  are no t  repor ted  
annual ly  because of l a c k  of space. 
c lude  a breakdown of geothermal and t o t a l  system Btu, res iden-  
t i a l  and t o t a l  system Btu ( i n  t h e  res ident ia l /commerc ia l  c a s e ) ,  
and t o t a l  pumping energy. The pumping energy inc ludes  upwell, down- 
hole ,  and t ransmiss ion  pumping. Three performance measures are al- 
so repor ted .  
thermal  energy e x t r a c t e d  t o  t o t a l  pumping energy. 
percentage of geothermal u t i l i z a t i o n  refers t o  t h e  f r a c t i o n  of t h e  
t o t a l  amount of geothermal hea t  p o t e n t i a l l y  withdrawable dur ing  t h e  
yea r ,  t h a t  was a c t u a l l y  e x t r a c t e d  and used. Percentage service 
geothermal i s  t h e  f r a c t i o n  of a l l  system hea t  provided by geothermal. 
When d e t a i l e d  annual  r e s u l t s  are generated,  
Sev- 
R e s u l t s  r epor t ed  annual ly  in- 
The c o e f f i c i e n t  of performance is t h e  r a t i o  of geo- 
The measure 
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Pr in t ed  below t h e s e  ope ra t ing  measures i s  a component-by- 
component breakdown of annual  cos t s .  To ta l  annual  g ross  and n e t  
revenues and c o s t s  are repor t ed ,  as are c o s t s  a t  t h e  wellhead. 
Also repor ted  are t h e  average annual system c o s t  per  m i l l i o n  Btu 
provided,  and wellhead cos t  per  m i l l i o n  geothermal Btu ex t r ac t ed .  
F i n a l l y ,  sav ings  i n  ope ra t ing  c o s t s  over what would have been spent  
in us ing  f o s s i l  f u e l  are repor ted .  A l l  of t h e s e  annual c o s t  f i g -  
u re s  are undiscounted. 
I n  t h e  f i n a l  y e a r ' s  r e s u l t s ,  a s t a r r e d  box r e p o r t s  summary 
t o t a l s  over t h e  p r o j e c t  l i f e .  I n i t i a l  c a p i t a l  cos t  i s  repea ted  
from t h e  f i r s t  pages. The n e t  p re sen t  va lue  of t h e  p r o j e c t  g ives  
a measure of t h e  worth t o  t h e  developer of t h e  p r o j e c t ,  d i scount ing  
f u t u r e  d o l l a r s  t o  t h e  p re sen t .  Discounted average c o s t  i n d i c a t e s  
t h e  c o s t  of producing energy over t h e  l i f e  of t h e  p r o j e c t .  A de- 
ve loper  charging t h e  discounted c o s t  t o  h i s  customers over t h e  l i f e  
of t h e  p r o j e c t  would j u s t  break even ( i . e .  have a n e t  p re sen t  va lue  
of zero) .  The a c t u a l  year  i n  which break  even is achieved is re- 
por ted ,  as is t h e  discounted average wellhead cost, w h e r e  average 
wellhead c o s t  i s  as def ined  above. Reported las t  are t h e  d i s -  
counted sav ings  i n  ope ra t ing  c o s t  and t h e  year  of payback, when 
cumulative sav ings  passed i n i t i a l  c a p i t a l  c o s t .  
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4 .  SUMMARY 
The GRITS model i s  a f l e x i b l e  t o o l  f o r  t h e  s tudy  of t h e  eco- 
nomics of t h e  d i r e c t  a p p l i c a t i o n  of geothermal energy. The l a r g e  
number of op t ions  a l low examination of a wide range of r e l a t i o n -  
sh ips .  Once t h e  u s e r  becomes f a m i l i a r  wi th  t h e  model's ope ra t ion  
and selects h i s  d e s i r e d  base-case parameter va lues ,  ex t ens ive  
s e n s i t i v i t y  a n a l y s i s  may be conducted e a s i l y  and inexpensively.  
The op t ions  a v a i l a b l e  t o  t h e  use r  of GRITS are given i n  Appendix B. 
Persons i n t e r e s t e d  i n  us ing  t h e  program should con tac t  au- 
Because GRITS may be en- 
t h o r s  Kane o r  Kro l l  through The Johns Hopkins Un ive r s i ty  Center 
f o r  Met ropol i tan  Planning and Research. 
hanced i n  t h e  f u t u r e ,  i n q u i r i e s  about t h e  enhancements incorpora ted  
i n  t h e  program should a l s o  be d i r e c t e d  t o  t h e  au thors .  
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Appendix A 
Technical Rela t ionships  I n t e r n a l  t o  t h e  Model 
ECONOMIC CALCULATIONS 
The b a s i c  annual real c o s t  equat ion  is  
t-t 
C Costt = [C (CRFk x \) (1 + f )  ] + EC, + O&Mt, (A-1) 
k 
where : CRFk = c a p i t a l  recovery f a c t o r  f o r  an i n t e r e s t  rate 
1: and a repayment per iod  equal  t o  t h e  amor- 
t i z a t i o n  per iod of c a p i t a l  component k. I f  
t h e  u s e f u l  l i f e  of component k extends be- 
yond i ts  amor t iza t ion  per iod ,  CRFk = 0 f o r  
those  subsequent yea r s ;  
\ = t o t a l  c o s t  of c a p i t a l  component k,  i .e. ,  
product ion and r e i n j e c t i o n  w e l l s ,  downhole 
and s u r f a c e  pumps, c e n t r a l  hea t  exchanger, 
s t o r a g e  tank,  t ransmiss ion  l i n e ,  d i s t r i b u t i o n  
system and hookup equipment (connect ing p ipe  
and me te r ) ,  and peaking equipment. ( I f  t h e  
c o s t  equat ion  is ,  in s t ead ,  i n  nominal d o l l a r s ,  
c o s t  of equpment purchased a f t e r  t = 0 are 
assumed t o  have increased  a t  t h e  rate of 
i n f l a t i o n )  ; 
t-tc 
(1 + f >  = d e f l a t i o n  f a c t o r  f o r  debt  service charges 
f o r  i n f l a t i o n  rate f .  t is t h e  year  being 
evaluated.  I f  t h e  p i e c e  of equipment i s  
purchased i n  any year  o t h e r  than  t = 0, i t  
is d e f l a t e d  by a p ropor t iona te ly  smaller 
amount since i t s  nominal c o s t  i s  presumed t o  
have been r i s i n g  a t  t h e  rate of i n f l a t i o n  i n  
t h e  y e a r s  between t h e  beginning of t h e  u t i -  
l i z a t i o n  phase (t = 0) and t h e  year  t h e  c o s t  
w a s  incur red  (t = tc). I f  (t - tc) is nega- 
tive, t h e  c o s t  i s  n o t  ca l cu la t ed .  I f  nom- 
i n a l  d o l l a r s  are used, f = 0; 
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= energy c o s t s  (pumping and peaking f u e l )  i n  
year  t (user-specif  i e d  p r i c e  t r end  should 
account f o r  i n f l a t i o n  i f  nominal d o l l a r s  
are used) ;  and 
O&Mt = f ixed  annual ope ra t ion  and maintenance c o s t s ,  
m u l t i p l i e d  by (1 + f )  i n  year  t .  t 
Heat output  a t  t h e  wells i n  year  t i s  ca l cu la t ed  as 
0, = U x maximum ou tpu t t ,  (A-2) 
t 
where : Ot = t h e  a c t u a l  amount of geothermal energy con- sumed by t h e  process  hea t  u se r  o r  t h e  com- 
munity hea t ing  system i n  year  t ( i n  Btu) ;  
Ut = t h e  u t i l i z a t i o n  f a c t o r  i n  year  t. For t h e  
i n d u s t r i a l  rou t ine ,  t h i s  is an input  value; 
for t h e  res ident ia l /commerc ia l  r o u t i n e ,  it 
i s  a c a l c u l a t e d  va lue  based on t h e  design 
temperature,  housing type,  level of market 
pene t r a t ion ,  and temperature  d a t a ;  and 
maximum 
output  = t h e  number of Btu per  year  t h a t  would be 
de l ive red  net t o  t h e  t ransmiss ion  l i n e  
based on t h a t  y e a r ' s  temperature  and f low 
i f  t h e  system operated a t  100% u t i l i z a t i o n .  
Revenue i n  year  t i s  ca l cu la t ed  as 
(A-3) 
where: Pt = s e l l i n g  p r i c e  of t h e  system's  energy output  i n  year  
t ,  and 
FEt = energy suppl ied  by t h e  peaking system ( f o s s i l  f u e l )  
i n  year  t. 
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The discounted average cos t  (DAC) is  c a l c u l a t e d  as 
T Costt 
c -  I 
t = O  (1 + d)'; , 
T (0, + FE,) DAC = 
c L  L 
t = O  (1 + d ) t  
where d = t h e  d iscount  f a c t o r .  
The d e r i v a t i o n  of t h i s  express ion  i s  shown i n  Appendix D. 
N e t  p r e sen t  va lue  (NPV) is  ca l cu la t ed  as 
I- x (Ot + FE,) cos t  t - (1 + d I t  NPV = C 
( A - 4 )  
(A-5 1 
The break-even p o i n t  is  def ined  as t h e  year  i n  which t h e  
n e t  p re sen t  va lue  f i r s t  reaches  o r  exceeds 0. 
The discounted average wellhead c o s t  is ca l cu la t ed  as 
W T Costt 
c 9 




t = O  ( 1  + d) t  
where: CostW = t h e  annual t o t a l  of t h e  c o s t s  on ly  a t  t h e  wellhead; 
i .e. debt  service payments on w e l l s ,  h e a t  exchang- 
ers, upwell and r e i n j e c t i o n  pumps, those  pumps' 
annual overhaul  c o s t  and pumping energy c o s t ,  and 
t h e  ope ra t ion  and maintenance c o s t  of t hose  com- 
ponent s . 
i 
Payback is s a i d  t o  be achieved i n  t h e  year  i n  which t h e  
sav ings  (undiscounted) i n  ope ra t ing  c o s t s  due t o  an  assumed con- 
ve r s ion  from f o s s i l  f u e l  t o  a hybrid geothermal system su rpasses  
t h e  i n i t i a l  c a p i t a l  cos t .  
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The savings  i n  ope ra t ing  c o s t s  are t h e  d i f f e r e n c e  (undis- 
counted) between what would have been spent  t o  supply a l l  system 
h e a t  by burning f o s s i l  f u e l  and t h e  a c t u a l  ope ra t ing  cos t s .  
Savings = r(1.33 x FP,) x (Ot  + FEt)] - 
(A-7) 
t 
[PEC, + FFCt + O&Mt]’ 
where: FPt = f o s s i l  f u e l  p r i c e  i n  year  5 ( i t  is  mul t ip l i ed  by 
1 . 3 3  t o  r e f l e c t  a 75% conversion e f f i c i e n c y  t o  h e a t ) ,  
PEC, = t o t a l  pumping energy c o s t  i n  year  t ,  and 
FFCt = t o t a l  f o s s i l  f u e l  (peaking) energy cos t  i n  year  t .  
The savings  are repor ted  annual ly  and cumulatively from t h e  be- 
ginning of t h e  p r o j e c t .  
WELL COSTS 
The c o s t s  of d r i l l i n g ,  ca s ing ,  and cementing e i t h e r  a pro- 
duc t ion  w e l l  o r  a r e i n j e c t i o n  w e l l  i nc rease  r a p i d l y  with increas-  
i ng  depth.  Thus, t o  a l low f o r  accu ra t e  w e l l  c o s t s ,  an a n a l y t i c a l  
express ion  w a s  ob ta ined  from r e c e n t l y  publ ished d a t a  (Refs. 13  and 
14 ) .  I n  1979 d o l l a r s ,  
W = 60,000 x e ( 4 . 3 5 5 ~ 1 0 ~ ~  x D) if , 4431, (A-8b) 
where: W = w e l l  c o s t  i n  1979 d o l l a r s ,  and 
D = depth of w e l l  i n  f e e t .  
P r i c e  indexes t h a t  are i n t e r n a l  t o  t h e  program update t h e  
The u s e r  may modify t h e  express ion  by c o s t s  of current d o l l a r s .  
a c o e f f i c i e n t  d i f f e r e n t  from 1 i n  OPTION 16. 
SUBMERSIBLE PUMP 
Pump s i z e s  and c o s t s  vary  d rama t i ca l ly  wi th  t h e  depth from 
which geothermal waters must be pumped (Ref. 15) .  Since w e l l  
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depths, flow rates, and drawdown percentages are user-specified 
variables, the pump size and cost must be calculated in the model 
for each new set of well parameters. In order to size accurately 
the required pump and to provide accurate cost estimates, ex- 
pressions for pump size, capital costs, maintenance costs, and 
operating costs have been developed with information supplied by 
J. F. Boutwell of Centrilift, Inc. (Ref. 16). 
The dynamic pressure head that must be supplied by a down- 
hole, submersible pump is given by (Refs. 17 and 18) 
H(ft) = d + F + Pd, (A-9) d t  
where d 
production tubing, and P is the discharge pressure head at the 
surface. The pump is assumed to be set about 150 ft below the 
lowest water level in the well under full production, f. The low- 
est water level is given by the well depth times the percentage of 
well drawdown. The frictional head losses are assumed to be 25 
ft/1,000 ft of lift for nominal production tubings. The discharge 
pressure at the surface is assumed to be on the order of 50 psi. 
Any additional pressure that may be needed f o r  surface circulation 
is assumed to be provided by surface pumps. Converting to pres- 
sure (in psi), the pressure head (P,) required from the downhold 
pump is given by 
is the head lift, Ft is the frictional head loss in the d 
d 
= 0.480 (PC)(WD) - 20.0 , (A-10) pH 
where PC is the fractional well drawdown and WD is the well depth. 
The fluid horsepower required is given by 
(A-11) 
where f is the production flow rate. 
power rating, pump inefficiencies must be considered. Pump rat- 
ings are given in terms of brake horsepower, which is defined as 
In order to produce this 
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where E: is t h e  pump e f f i c i e n c y ,  which has  been assumed t o  be 0.76 
(Ref. 18). Thus, t h e  pump s i z e  ( i n  horsepower) requi red  f o r  a 
p a r t i c u l a r  set  of w e l l  cond i t ions  i s  given by 
B = [3.68 x (PC)(WD) - 1.54 x f. (A-13) 
hP 
Costs of t h e  pumps i n  1979 d o l l a r s  are then  ca l cu la t ed  by 
* 0 7  (Ref. 15 ) .  
hP 
C = 1175 x B 
SP 
(A-14) 
P r i c e  indexes t h a t  are i n t e r n a l  t o  t h e  program update t h e  cos t  t o  
c u r r e n t  d o l l a r s .  
REINJECTION PUMP (Ref. 15) 
In  t h e  case where spent  geothermal f l u i d s  are t o  be re- 
i n j e c t e d  e i t h e r  i n t o  t h e  a q u i f e r  from which they  w e r e  taken o r  in- 
t o  a shal lower a q u i f e r  w i th  t h e  same t r a n s m i s s i b i l i t y ,  t h e  energy 
r equ i r ed  f o r  r e i n j e c t i o n  w i l l  be  t h e  same as t h a t  requi red  t o  
b r i n g  t h e  f l u i d s  t o  t h e  su r face ,  under t h e  assumptions of an iso- 
t r o p i c ,  homogeneous a q u i f e r  mat r ix ,  and no p r e c i p i t a t i o n  of s o l i d s  
t o  restrict  flow i n t o  t h e  a q u i f e r ,  and no d i r e c t  communication of 
p re s su re  changes between t h e  product ion w e l l  and t h e  r e i n j e c t i o n  
w e l l  (i.e., t h e i r  s epa ra t ion  d i s t a n c e  is  g r e a t e r  than t h e  combined 
r a d i i  of i n f luence  of t h e  two w e l l s ) .  Therefore ,  t o t a l  w e l l  pump- 
ing  i s  given by twice t h e  product ion pumping energy. 
The s i t u a t i o n  changes somewhat when r e i n j e c t i o n  occurs  i n  
shal lower a q u i f e r s  whose t r a n s m i s s i b i l i t y  is h igher .  
i t y ,  it is  assumed t h a t  t h e  t r a n s m i s s i b i l i t y  of t h e  r e i n j e c t i o n  
a q u i f e r  scales l i n e a r l y  wi th  depth,  i . e . ,  
For simplic- 
(A-15) 
1 T a -  D o  
Thus, an a q u i f e r  a t  h a l f  t h e  depth has  twice t h e  t r a n s m i s s i b i l i t y .  
In t h i s  case, t h e  percentage drawdown is t h e  same i n  t h e  two w e l l s ,  
and t h e  pumping energy f o r  r e i n j e c t i o n  (RE) scales l i n e a r l y  wi th  
depth and can be expressed as a func t ion  of t h e  product ion energy 
(PE), i .e.,  
D r  
DP 
R E z P E - ,  
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where D r  i s  t h e  depth of t h e  r e i n j e c t i o n  w e l l  and Dp i s  t h e  depth  
of t h e  product ion w e l l .  
energy (TE) as 
The model c a l c u l a t e s  t h e  t o t a l  pumping 
D r  
DP 
TE = PE (1 + -) . (A-17) 
Re in jec t ion  pumps loca ted  on t h e  s u r f a c e  are cheaper than  
submersible pumps. 
(Crp) are sca l ed  as 
The r e i n j e c t i o n  pump c o s t s  i n  1979 d o l l a r s  
n- U L  C = $3.00 x f + $40.00 x B x - 
r P  hP DP (A-18) 
where f i s  t h e  flow rate i n  gal/min, B i s  t h e  brake  horsepower 
c u r r e n t l y  ca l cu la t ed  f o r  t h e  product ion w e l l  submersible  pump, 
and t h e  r a t i o  Dr/Dp scales t h e  s i z e  t o  r e f l e c t  t h e  smaller s i z e d  
pump needed. P r i c e  indexes t h a t  are i n t e r n a l  t o  t h e  program up- 
d a t e  t h e  c o s t  t o  c u r r e n t  d o l l a r s .  
hP 
PUMP MAINTENANCE COST 
The ope ra t ing  l i f e t i m e s  of submersible pumps are extremely 
v a r i a b l e ,  bu t  under cond i t ions  t h a t  might be encountered on t h e  
A t l a n t i c  Coas ta l  P l a i n ,  ope ra t ing  l i f e t i m e s  may be on t h e  o rde r  
of two t o  f o u r  years .  
pu l led  and reworked. C e n t r i l i f t  has  provided estimates of annual 
r e p a i r  c o s t s  f o r  i t s  submersible pumps (Ref. 16 ) .  A n  average of 
t h e s e  quo ta t ions  is  given i n  1979 d o l l a r s  by 
Af te r  t hese  per iods ,  t he  pump must be 
hP 
Annual s u r f a c e  pump maintenance = $65 x B 
, x- 
(This  i s  updated by GRITS'S i n t e r n a l  p r i c e  indexes t o  c u r r e n t  dol- 
lars.) Re in jec t ion  pumps are more r e a d i l y  a c c e s s i b l e  and pre- 
ven t ive  maintenance may be performed more e a s i l y  and cheaply.  
Therefore ,  r e i n j e c t i o n  pump maintenance c o s t s  are given by 
Annual s u r f a c e  pump maintenance = 1.5% x i n i t i a l  cos t .  
PUMPING ENERGY 
General Model 
Pumping energy (Ref. 19)  f o r  t h e  product ion w e l l  is  a 
func t ion  of product ion rate from t h e  w e l l  (determined by such 
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c h a r a c t e r i s t i c s  of t h e  a q u i f e r  as s a t u r a t e d  th i ckness  and perme- 
a b i l i t y )  and of hea t ing  demand. 
f e r ,  g e n e r a l l y  accounted f o r  through a user -spec i f ied  w e l l  draw- 
down, are assumed t o  r e s u l t  from pumping t o  main ta in  a flow rate 
above t h a t  which would r e s u l t  from a r t e s i a n  pressure .  (When more 
information on t h e  a q u i f e r  i s  a v a i l a b l e ,  another  model, descr ibed  
la ter  i n  t h i s  s e c t i o n ,  can be  used.) From t h e  above, t h e  power 
requirement f o r  a downhold pump i s  given by 
The c h a r a c t e r i s t i c s  of t h e  aqui- 
kW = 0.746 B . 
hP (A-19) 
However, motor i n e f f i c i e n c y  inc reases  power requirements  t o  
0. 746Bh 
= 13.43 (PC)(WD) kw = 0.80 
(A-20) - 1.44 x l O - * l f .  
I f  t h e  w e l l  were t o  be opera ted  around t h e  c lock  f o r  an e n t i r e  
yea r ,  t h e  number of k i l o w a t t  hours  of e l e c t r i c i t y  r equ i r ed  i s  
given by annual kwh = [3,006 (PC)(WD) - 125.83 flow. For most 
a p p l i c a t i o n s ,  e s p e c i a l l y  r e s i d e n t i a l  space hea t ing ,  hea t  demands 
do no t  r e q u i r e  year-round w e l l  opera t ion .  Thus, a u t i l i z a t i o n  
f a c t o r  i s  requi red  t o  scale t h e  annual number of k i l o w a t t  hours  
of pumping energy t o  t h e  s p e c i f i c  load. 
Heating demand f o r  a housing u n i t  i s  a func t ion  of ambient 
temperature  and t h e  type  of u n i t .  For ambient temperatures  above 
t h e  system des ign  temperature ,  hea t ing  requirements  f o r  t h e  t o t a l  
number of housing u n i t s  on t h e  d i s t r i c t  hea t ing  system are calcu- 
l a t e d  as a f r a c t i o n  of t h e  energy t h a t  could be  suppl ied  by t h e  
geothermal w e l l  i f  pumped a t  maximum flow. To estimate t h e  l eng th  
of t i m e  t h a t  t h e  demand should remain a t  a given level,  average 
hour ly  weather d a t a  f o r  t h e  major c i t y  c l i m a t i c a l l y  c l o s e s t  t o  t h e  
s tudy  area are used. 
Although pumping energy is  a nonl inear  (convex) func t ion  of 
flow rate, t h e  model u ses  t h e  l i n e a r  approximation of t h e  f r a c t i o n  
of t h e  energy requi red  t o  main ta in  t h a t  ra te  compared t o  t h e  energy 
f o r  maximum flow. 
t o  make t h e  pumping energy estimates more conserva t ive  by s l i g h t l y  
o v e r s t a t i n g  t h e  pumping energy requi red  a t  most l e v e l s . )  The num- 
b e r  of hours  a t  each flow rate is  then  m u l t i p l i e d  by t h i s  f r a c t i o n  
t o  o b t a i n  " f u l l  pumping equ iva len t  hours ,"  which are then  summed 
and taken as a f r a c t i o n  of t h e  number of hours i n  a year .  
(The l i n e a r  approximation w a s  purposely used 
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The model calculates the annual pumping energy as given 
above; the resulting value is multiplied by the fraction described 
above to produce an estimate of actual pumping energy required. 
Special Model 
When certain aquifer characteristics are-known, GRITS can 
This model use an alternative drawdown and pumping energy model. 
was originally coded in BIGMAC (Ref. 4 )  and the following dis- 
cussion is drawn from that reference. It should be noted that 
while the drawdown and annual pumping energy are calculated in 
this alternative way, the initial pump sizing uses the equation 
above (the general model) with the alternatively calculated draw- 
down. 
In a program such as GRITS, that simulates the economic 
behavior of a geothermal system, the requirements for resource 
modeling are quite different from those for codes dedicated to the 
study of the resource itself. For example, considerations of the 
inhomogeneity, anisotropy, and finite-boundary effects, as well 
as the nonuniform temperature and chemistry-related phenomena, 
are best left to the more specialized programs to analyze. What 
is desirable in an economic simulation program is a way of han- 
dling the resource behavior that is convenient for the users, 
coupled with the virtue of a reasonable degree of realism without 
the penalty of a massive amount of computation and specialized 
data handling. 
To this end, a decision was made to characterize the re- 
source as a sealed, infinite, horizontal, homogeneous, isotropic 
aquifer of uniform characteristics, so that only minor computa- 
tions will be necessary. If judiciously used, this (over-) 
simplified model is capable of providing reasonable answers when 
applied to a known resource. On the other hand, in the event 
that resource parameters are not known, with a suitable set of 
default conditions, the users can obtain what may be termed "av- 
erage" results for the region and can then proceed to a sensitivity 
study with the variation of one or more of the resource parameters. 
For the users in the Atlantic Coastal Plain, representative 
conditions are 
2 Transmissivity = T = 1.0 cm / s ,  
Storage coefficient = S = 1.0 x 10 , and -4 
Effective well radius = r = 10 in. 
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The transmissivity of 1.0 cm2/s amounts to having an aquifer 200 
mdarcy (mD) x 100 ft thick (or 100 mD x 200 ft, etc.) and corre- 
sponds to roughly twice that found at Crisfield, Md. 
fault conditions in GRITS use T = 0.5 and S = 3.9 X loe3 to repre- 
sent Crisfield.) Finally, to aid the users with cyclic pumping 
requirements, it was decided to approximate the pumping energy by 
weighting the pumping time. It was found in more detailed calcu- 
lations that this procedure results in only minor errors, all well 
within the resource uncertainty, 
(The de- 
Under the conditions stated previously, for a constant pump- 




(r = the well radius). B E -  r'S 4T 
El here is the well-known exponential integral of order 1 and in 
most instances of interest, B/t <e 1 may be approximated as 
El (B/t)= -y -Rn(B/t), y = 0.57721... , (A-22) 
The pumping energy consumption can be readily calculated by 
integrating Eq. A-21. (It should be mentioned here that the use 
of Eq. A-22 in the integral leads to an incorrect result because 
Eq. A-22 has a singularity at t = 0 . )  
The actual equations used in the program are 
(A-23) 2 Hft(t) = 0.165*(Q/T)*[16.211 + Rn(Tt/Sr > I  
(t)= 0.2723*(Q2/T)*[F(t) - F(T-l)] , t 21, (A-24) EkWh 
= pumping energy in year t, 
( t*[15.211 + an(Tt/Sr2)] , t > O  
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Uni ts  used are 
Q: GPM 
2 T: c m  /s 
S: dimensionless  
r :  i n .  
H f t W  : f t  (of drawdown) 
( t ) :  kwh (work done a g a i n s t  g r a v i t y  dur ing  t t o  EkWh 
t + lth year )  
t :  y r  
Pump e f f i c i e n c y  is  n o t  included i n  E q .  A-24. 
w e  u s e  
To inco rpora t e  i t ,  
- 
(EkWh) Tot EkWh’ ‘pump (A-26) 
The va lue  assumed f o r  E i n  t h e  program i s  70%. 
Pump 
With regard  t o  t h e  pumping cyc le s ,  a t o t a l  of four  op t ions  
are incorpora ted  i n t o  t h e  program. They are 
1. Continuous pumping. This  needs no e l abora t ion .  
2 .  Semiannual pumping cyc le .  This  covers  t h e  cases involv- 
i ng  a continuous (cons tan t  rate) usage of 6 months-dura t ion  f o l -  
lowed by shutdown f o r  6 months repea ted  annual ly .  The drawdown 
f o r  t h i s  case i n  t h e  tth year  is  es t imated  as t h e  drawdown t h a t  
would have occurred i n  a cont inuous ope ra t ion  of t - ( t / 2 ) t h  year  
dura t ion .  
of t h e  energy t h a t  would have been r equ i r ed  f o r  continuous pump- 
Pumping energy f o r  t h e  tth year  i s  es t imated  as one-half 
t h  ing  i n  t h e  ( t / 2 )  year .  
3 .  Daily pumping cyc le .  This  s imula t e s  t h e  case of 12- 
hour recovery,  repea ted  d a i l y .  
be s l i g h t l y  l a r g e r  than  90%* of t h e  drawdo& f o r  t h e  tth year  
.The drawdown i n  t h e  tth year  w i l l  
I A 
*The program uses  92%. 
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drawdown for continuous pumping. 
the pumping energy is taken to be one-half of the energy consump- 
tion experienced in a constant pumping situation. 
In the interest of conservation, 
4 .  Space-heating applications. Finally, the program is 
capable of handling the space-heating application in which, on an 
annual basis, the usage (at t = 0) starts from zero, linearly in- 
creases to a maximum plateau, and decays linearly (symmetrically) 
back to zero at the end of the heating season. This is followed 
by a recovery period (summer), and the process is repeated an- 
nually. 
imated as the same as that occurring in the t/2 years with con- 
tinuous pumping. The pumping energy is taken as 3/8 of that in 
the (t/2)th year with constant pumping. 
For this application, the drawdown at tth year is approx- 
The space heating application utilizes the hourly weather 
data for the area being analyzed because demand depends on ambient 
air temperature. The user must therefore be sure that the correct 
area, design temperature, and other demand conditions for the 
residential-commercial scenario are specified. 
three pumping cycles would typically be used for industrial appli- 
cations, the user needs to specify the proper pumping cycle, utili- 
zation factor, and hourly demand (if demand specified). 
Since the other 
RATIO OF EXTRACTED GEOTHERMAL ENERGY TO INPUT PUMPING ENERGY 
The expression for the ratio of the extracted geothermal 
energy to the input electrical pumping energy (the coefficient of 
performance) is 
E. G Geothermal heat extracted ~ COPGT - =  
E Pumping energy 
P 
(A-27) 
This expression allows direct comparison of the energy efficiency 
of a geothermal production well to a heat pump. 
HEAT EXCHANGER COST 
Many applications of moderate temperature geothermal re- 
sources will require the use of a water-to-water heat exchanger 
at the wellhead in order to minimize corrosion and scaling of sa- 
line or mineralized waters. For the purposes of this study, plate- 
type heat exchangers have been considered, since they have a num- 
ber of attributes such as ease of cleaning and high thermal trans- 
fer efficiency that are important in geothermal systems. The cost 
I 
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of any heat exchanger is a function of the logarithmic mean tem- 
perature difference, ATm, across the heat exchanger and the total 
heat flow, Q, through it, For stainless-steel-plate heat exchang- 
ers the costs (Refs. 20, 21, and 22) can be expressed in 1979 dol- 
lars as 
0.84 0.331 Q 




and Q = 500 f (T, - T?). The heat flow, Q, is expressed in Btu 
I 
per hour, f is the 
temperature, T2 is 




well flow rate, T is the geothermal wellhead 
the reinjection temperature, T3 is the supply 
secondary loop, and T is the loop return tem- 
1 
4 
must be made between high heat exchanger cost 
at low values of ATm, and high reinjection temperatures for the 
geothermal waters for large values of ATm. Since pumping energy 
is likely to be one of the largest costs in a geothermal system 
and since the knee of the cost curve is somewhat pronounced, ATm 
has been set at 7 ° F .  This simplifies the cost equation to 
0.837 
C = 0.050 Q (A-30) 
The user specifies the wellhead temperature, T1, and the 
reinjection temperature, T2, and the program calculates the cost. 
The default values for T1 and T2 are 150 and 90°F, respectively. 
STORAGE TANK COST 
After a survey of several vendors involved in the construc- 
tion of large storage tanks, an expression for the costs in 1979 
dollars has been developed (Ref. 23): 
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‘ST = $0.951V + $ 8 . 7 0 ~ ~ ’ ~  + $44,600, (A-31) 
where V i s  t h e  tank  volume i n  ga l lons .  The express ion  a p p l i e s  t o  
tanks  from 30,000 t o  1,000,000 ga l lons  capac i ty ;  t hese  tank  s i z e s  
correspond t o  s t o r a g e  times f o r  t h e  output  from a nominal geother- 
m a l  w e l l  (500 gal/min) of 1 hour t o  about 1-1/2 days. P r i c e  in- 
dexes are used i n t e r n a l l y  by GRITS t o  update  t o  cu r ren t  d o l l a r s .  
DEMAND FOR SPACE HEATING 
I n  a s ingle-family detached home, t h e  hourly demand f o r  
space  hea t ing  may be given by (65 - To) x Hi. 
1200 (Btu/hr)/OF (Ref. 24). For o t h e r  types  of r e s i d e n t i a l  hous- 
i ng ,  t h e  space  hea t ing  may be  expressed i n  a form similar t o  t h e  
above express ion  (Ref. 11). The hour ly  demand on t h e  system i s  
(65 - To) x Hi x Ni, f o r  a community conta in ing  several housing 
types ,  where Hi i s  t h e  space  hea t ing  demand requi red  by o t h e r  
types of housing u n i t s ,  and N 
t h a t  u se  t h e  systeme* 
types  i n  t h e  model are shown i n  Table A-1. 
The d e f a u l t  va lue  i s  
i s  t h e  number of houses of type  i 
The hea t ing  demands f o r  t h e  given housing 
i 
Table A-1 
Heating demand by housing type  
Approximate s i z e  Hi* Housing type  
(Btu/hr)  /OF1 Ut2) 
Sing le  family,  suburban 1200 1600 
S ing le  family,  dense 1200 1600 
Townhouse o r  rowhouse 780 1000 
Garden apartment 420 1000 
High-rise apartment 348 800 
*The va lue  Hi r e f l e c t s  t h e  va r ious  s i z e s  of t h e  d i f f e r e n t  housing 
types  as w e l l  as t h e  r e s u l t i n g  reduced hea t ing  load because of 
shared w a l l s ,  c e i l i n g s ,  etc. The approximate s i z e  f o r  an average 
u n i t  i s  shown. The va lues  of Hi were obtained from d a t a  t h a t  in-  
cluded a l a r g e  mix of  housing s tock .  
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The average number of hours during which the ambient tem- 
perature is in a given temperature range (i.e., the time-tempera- 
ture distribution) is available for 134 cities (page 2 9 ) .  Data 
for additional cities may be input by the user. 
DOMESTIC HOT WATER DEMAND 
GRITS assumes that all housing units regardless of type con- 
sume the same amount of domestic hot water heat per year that the 
user specifies using OPTION 39. The default value in GRITS is 20.1 
million Btu's per year (Ref. 25). A peak demand of 2.4 times the 
average hourly demand is assumed when the system is being sized. 
Thus for single-family units, at a design temperature of 30°F, the 
peak geothermal load per unit for the default demand is 
[1200 (65 - 30) + 55001 = 47,500 Btu/h 
BOILER SIZE 
The boiler for the peaking system is sized by computing the 
difference in heating demand at a lowest expected ambient tempera- 
ture for a given locale and the heating demand at the design tem- 
perature (DT) (Ref. 6 ) .  The boiler costs include buildings for 
5 the boilers and default estimates of $1,500 per 10 Btu/h of ca- 
pacity. 
FOSSIL FUEL REQUIREMENTS 
The fossil fuel requirements to supply the peak loads are 
derived from the hourly weather data. Using the time-temperature 
distribution, the hourly loads to be supplied by the boiler are 
determined for each expected ambient temperature below the design 
temperature. 
hours in a year during which the ambient temperature is expected 
to be at that level. To account for boiler inefficiencies, heat 
requirements are multiplied by 1.33, the reciprocal of the 75% 
boiler efficiency assumed in the model. 
This load is multiplied by the average number of 
COST OF DISTRIBUTION SYSTEM 
The cost of the distribution system is found by multiplying 
the total length of the, system by a user-specified cost per mile 
of installed insulated dual pipe (for a :two-way circulation), with 
a default value of $250,000. This amount is just above the cost 
suggested in the Brookhaven National Laboratory study (Ref. 26) 
and is close to the median value of pipe costs surveyed by John 
Beebee (Ref. 27). 
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LENGTH OF DISTRIBUTION SYSTEM 
The length of the distribution system is determined by the 
total number of households to be served by the system and the 
density and market saturation level of these users. Density lev- 
els for various types of houses are taken from GEOCITY (Ref. 10) 
and converted to a block density based on a grid system of 400 by 
200 ft blocks (street center to street center). This results in 
the densities per block given in Table A-2. 
Table A-2 
Housing densities per block 
Type of Residence 
No. of households 
per block 
Single family, suburban 7 . 3  
Single family, dense 12.9 




High-rise apartment 119.3 
The length of the distribution system is then measured di- 
This is the length that would rectly, based on the block length. 
occur under 100% saturation. To account for nonparticipation by 
some households, the length of the system is multiplied by the re- 
ciprocal of a user-specified market saturation level (the default 
value is 70%). 
COST OF TRANSMISSION SYSTEM 
The cost of transmission depends on the length of the sys- 
tem and the volume of water transported. Transmission pipe dia- 
meter is calculated from the volume and an assumed optimal flow 
rate. The cost per unit length of transmission pipe of a given 
diameter is given below (Refs. 22 and 28). The cost formula in 
1979 dollars used in the model is 
$/mile = 132,528 x d (for temperatures (A-32) 
less than 250°F, 
representing plastic- 
cased steel pipe) 
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$ / m i l e  = 432,749 x exp(0.128 x d)  ( f o r  steel cased (A-33) 
p ipe  used f o r  t e m -  
p e r a t u r e s  g r e a t e r  
than  o r  equal  t o  
250'F) 
where: d = p ipe  diameter i n  i n .  = 0 . 2 3 5 0 c ( R e f .  29) ,  and 
Q = f low i n  gal/min. 
These c o s t s  are f o r  a two-way p ipe  l a i d  i n  t h e  same t rench .  
one-way p ipe  such as t h a t  which carries t h e  heat-depleted b r i n e  
from product ion w e l l ( t o  r e i n j e c t i o n  w e l l ,  t h e  c o s t  is  taken as 
two-thirds of t h e  c o s t  of l ay ing  a similar l eng th  of two-way p ipe .  
For 
The c o s t  of t h e  t ransmiss ion  l i n e  pump i n  1979 d o l l a r s  is  
ca l cu la t ed  i n  t h e  fol lowing manner: 
C = n Co, 
P 
(A-34) 
where: i f  Q < 110 gal /min,  then  - 
-0.617 
n = (89.232 Q L) 9 
0.352 . Co = 213 Q Y 
o r  : i f  Q > 110 gal/min, then  
-0.617 
n = (35.112 Q L) 9 
0.661 . Co = 118 Q 9 
where n i s  rounded up t o  t h e  n e a r e s t  i n t e g e r ,  Q i s  t h e  flow i n  g a l /  
min, and L is  t h e  l eng th  i n  miles (Ref .  29).  
Pumping energy r equ i r ed  t o  pump f o r  a f u l l  year '  is given by 
E = 34181 Q 9 (A-35) 
0.315 . 
P 
where E i s  t h e  pumping energy i n  k i l o w a t t  hours.  The c o s t  of 
e l e c t r i c i t y  per  k i lowa t t  hour i s  a user -spec i f ied  v a r i a b l e .  
P 
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CAPITAL RECOVERY FACTORS 
While pump maintenance costs, pumping energy costs, and 
fossil fuel requirements may be calculated directly on an annual 
basis, the remaining cost components must be determined on an 
annual basis through the use of a CRF that reflects the cost of 
borrowed funds and the specific life expectancv of individual sys- 
tem components (and thus the assumed amortization period). The 
interest rate is held constant for all system components under a 
given model run. Although a developer might choose to amortize 
all system components over a single period in calculating his fi- 
nancial costs, the actual life expectancy of each component is the 
more relevant factor in determining economic costs. The user may 
choose to amortize the equipment over a period shorter than the 
useful life. If the useful life and amortization period extend be- 
yond the project evaluation period and the program user has de- 
cided not to have all capital equipment paid for by the end of the 
evaluation period, the payments beyond the end of the period will 
not be considered in the project evaluation. In t h i s  case, the 
full project life cannot be considered to have been evaluated; 
rather, an early snapshot of project is being studied. 
The capital recovery factors are determined directly from 
user-specified or default values. The capital recovery factor re- 
flects the annual payment required to repay a loan at i% interest 
over n time periods, which is given by 
+ i  , i 
(1 + i>n - 1 
CRF = (A-36) 
where i is expressed as its decimal equivalent. 
Table A-3 shows the capital recovery factors for a range of 
The amortization periods interest rates and amortization periods. 
used in the model are based on life expectancies of each system 
component in order to be consistent with an economic rather than 
a financial approach. Wells, the distribution system, and hookups 
are expected to last about 30 years and the wellhead heat exchang- 
er and in-well pumps about 10 years. 
fault values, which may be changed by the user. A financial ap- 
proach may be simulated by changing the amortization periods and 
interest rates to reflect the desired financial conditions. 
These lifetimes are the de- 
- 92 - 
THE JOHNS HOPKINS UNIVERSITY 
APPLl E D PHYSICS LABORATORY 
LAUREL, MARYLAND 
Table A-3 
C a p i t a l  recovery f a c t o r  by i n t e r e s t  rate and t i m e  




1 0  
1 2  
1 4  
1 8  
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Types out this list of possible inputs 
End execution of GRITS 
Specify system as being supplied completely by a 
fossil fuel boiler, or return it to geothermal 
Type out the current scenario parameters 
Name of file to receive output of GRITS. The file 
Save or recall a basecase scenario 
Type in run name (up to 80 characters) 
Select whether the model is for residential/commer- 
name must follow standard DEC-10 conventions. 
cia1 or industrial sales (residential/commercial 
is default) 
Retype results of most recent scenario run 
Run the current scenario 
Generate data files for tabulation or later plot 
Choose if system is sized according to resource or 
generat ion 
demand constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Area under consideration 
Water temperature at wellhead (OF) 
Average depth of upwell (in feet) 
Housing type, and space heating demand, either 
1 - Single family suburban 
2 - Single family dense 
3 - Townhouses 
4 - Garden apartments 
5 - High-rise multi-family housing 
6 - Mixed housing 
Design temperature of system (OF) 
Capital equipment life for: 
0 - All equipment 
1 - Wells 
2 - Piping system 
3 - Heat exchanger 
4 - Pumps 
6 - Peaking system boiler (fossil fuel) 
7 - Storage tank 
Adjustment factor for cost of average well 
Adjustment factor for cost of heat exchanger 
5 - Hookups 
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Cost pe r  hookup ($) 
Res iden t i a l  market p e n e t r a t i o n  (percentage of 
u l t i m a t e  number of households on system) 
P r i c e  of e l e c t r i c i t y  (c/kWh) 
Reject temperature  ( O F )  
P ipe  c o s t s  f o r  d i s t r i b u t i o n  system (thousands of 
Depth of average r e i n j e c t i o n  w e l l  ( f t )  
S torage  tank  capac i ty  (hours  of flow) 
I n f l a t i o n  rate - ave. annual rate f o r  l i f e  of 
Well drawdown (and op t iona l  a q u i f e r  modeling) 
I n t e r e s t  rate (%) 
Minimum ambient temperature  (OF) 
F o s s i l  f u e l  p r i c e  ( $ l / m i l l i o n  Btu) 
Bo i l e r  c o s t  ($/hundred thousand Btu/hour) 
I n d u s t r i a l  u t i l i z a t i o n  f a c t o r  (%) 
Maximum flow rate of water from w e l l  (gal/min) 
Length of study period* and interval  f o r  cost  cal- 
U l t i m a t e  d e n s i t y  of households on geothermal sys- 
Percentage of d i s t r i b u t i o n  system i n s t a l l e d  each 
S e l l i n g  p r i c e  of system energy ($ /mi l l i on  Btu) 
Discount ra te  - t i m e  p reference  only  (%) 
Transport  d i s t a n c e  (mi les )  
Annual domestic ho t  water demand per  household 
Economic account ing method 
Resource assessment per iod  and c o s t  
Number of product ion w e l l s  
Number of r e i n j e c t i o n  w e l l s  
Operation and maintenance c o s t s  (% of i n i t i a l  cap- 
Define a l l  c h a r a c t e r i s t i c s  of commercial bu i ld ings  
d o l l a r s / m i l e )  
pro j ect  (%) 
c u l a t i o n s  (years )  
t e m  (%I 
yea r  
(mi l l i on  Btu/year)  
i t a l  equipment c o s t s )  
2 46 Floor  area of commercial bu i ld ing  types  ( f  t /bui ld-  
47 
ing)  
Heat requirements  of commercial bu i ld ing  types  
1 - Space h e a t  [ (B tu / 'F ) / ( f t  /day)]  2 
2 48 2 - Hot water h e a t  [ ( B t u / f t  ) /day]  
*This d e f i n e s  t h e  l i f e t i m e  of t h e  p r o j e c t .  The choice  t o  observe 
only  a s e l e c t e d  subse t  of t h e  series of annual r e s u l t s  is made 
upon execut ion  of t h e  scena r io  i n  OPTION 7. 
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Hookup cost for commercial buildings ($/hookup) 
Length of distribution system for commercial build- 
Rate of commercial market penetration ( X )  
Final number of households (if system sized accord- 
Industrial process heat demand (if system sized 
ings (miles) 
ing to known demand) 
according to known demand) 
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Appendix C 
SAMPLE OUTPUT OF DEFAULT SCENARIOS 
Geothermal Resource Interactive Temporal Simulation 
Version 9 
Designed by R i l l  Barron,  Peter Kroll ,  & Sal ly  Kane 
Writton by Peter Kroll 
Cetiter for Metropolitan Planning & Research 
The Johns Hnpkins  Upiversity 
Baltimore, Maryland 21218 
September 1981 
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Example 1 .  D e f a u l t  Res ident ia l /Cornmerc ia l  S c e n a r i o  w i t h  Resource S p e c i f i e d  
(Base p e r i o d  f o r  c o s t s  i s  2nd Q u a r t e r , l 9 8 1 )  
Res ident ia l -Commerc ia l  S c e n a r i o  Pa rame te r s  
Program Opera t ing  C o n d i t i o n s  
i/ 0 S tanda rd  geothermal  system 
I 2 O u t p u t  f i l e  name: M A N U A L . O U T  
I 4 T i t l e  o f  s c e n a r i o :  ( d i s p l a y e d  aSove ,  i f  any)  
B 5 Res ident ia l -Ccmmerc ia l  s e r v i c e  chosen .  
i/ 8 Data f i l e s  w i l l  n o t  be g e n e r a t e d .  
# 9 S y s t e n  w i l l  b e  s i z e d  a c c o r d i n g  t o  RESOURCE c o n d i t i o n s  
Resource Cond i t ion  Pa rame te r s  
___________-__-I--_---------- 
11 U2 Number of p roduc t ion  w e l l s :  1 
# 12 D e p t h  o f  u p w e l l  ( f e c t ) :  5000. 
i/ 1 1  Wellhead wa te r  t emp . (deg .  F a h r . )  
l i n e a r  f u n c t i o n  u s e d  w i t h :  
i n i t i a l  wa te r  temp.= 150.0 
annua l  d r o p  i n  t e m p . =  0 .0  
# 21 R e j e c t  t e m p e r a t u r e  ( d e g .  F a h r . ) :  90.0 
C 23 Depth o f  r e i n j e c t i o n  well ( f e e t ) :  5000. 
# 26 Drawdown o f  upwel l  ( p e r c e n t )  
i n i t i a l  drawdown= 15.00 
i\ 43 Number of  r e i n j e c t i o n  wel l s :  1 
l i n e a r  f u n c t i o n  u s e d  w i t h :  
annua l  change= 0 .00  
I 32 Maximum f low p e r  w e l l  (gpm) 
l i n e a r  f u n c t i o n  u s e d  w i t h :  
i n i t i a l  f low= 250.00 
a n n u a l  change-  0 .00  
# 38 T r a n s p o r t  d i s t a n c e  ( m i l e s )  c a r r y i n g  f low of  
1 w e l l s ’  f low t o  d i s t n .  s y s t e m :  0.250 
Res ident ia l -Commerc ia l  Demand Cond i t ion  Pa rame te r s  
# 10 Area u n d e r  c o n s i d e r a t i o n :  S a l i s b u r y ,  Md. 
# 1 4  System d e s i g n  temp. (deg .  F a h r . ) :  38 
8 28 M i n .  ambient  t e m p e r a t u r e  ( d e g .  F a h r . ) :  -5. 
# 35 F r a c t i o n  of  d i s t r i b u t i o n  sysLcm i n s t a l l e d :  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i n  y e a r  0 = 50.000% 
i n  y e a r  1 = 17.500% 
i n  y e a r  2 = 12.506% 
i n  y e a r  3 = 12 .500% 
i n  yea r  4 L: 12 .500% 
( L i s t i n g  con t inued  on n e x t  page)  
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( c o n t ’ d )  Example 1. D e f a u l t  Res iden t i a l /Commerc ia l  S c e n a r i o  w i t h  Resource S p e c i f i e d  
( R e s i d e n t i a l - S p e c i f i c )  
# 13 P e r c e n t a g e s  o f  hous ing  t y p e s  on sys tem:  ‘9 
( % I  ( B t u / h r / d e g )  Housing t y p e  
1 - s i n g l e  f ami ly  
2 - s i n g l e  f ami ly  
3-townhouse: 
4-garden a p t s .  : 
5-high r i s e :  
0 34 Market s a t u r a t i o n  
# 19 Rate of  r e s i d e n t i a  
l i n e a r  f u n c t i o n  
suburban  : 0.000 1200. 




% I :  70.00 
market  P e n e t r a t i o n  
used w i t h :  
i n i t i a l  p e r c e n t a g e =  15.00 
annua l  change = 8 . 0 0  
# 18 Hookup c o s t  pe r  household :  
Housing t y p e  ( $ 1  
1 - s i n g l e  f a m i l y  suburban :  1500.00 
2 - s i n g l e  f ami ly  d e n s e :  1500.00 
3-townhouse: 1500.00 
4-garden a p t s .  : 400.00 
5-high r i s e :  400.00 
Avg hookup c o s t  pe r  household :  1060.00 
U 39 Domestic h o t  w a t e r ( m i l . B t u / y r / h h ) :  20.10 
(Commerc ia l -Spec i f i c )  
# 45 Number o f  t y p e s  o f  commercial  b u i l d i n g s :  2 
# 46 Avg. f l o o r  s p a c e  f o r  each  commercial  b u i l d i n g  o f  
t y p e  5 : 4.000 thousand sq. ft. 
t y p e  2 : 10.000 thousand sq.  f t .  
# 47 Average h e a t  demand f o r  
B u i l d i n g s  Space Heat Hot Water Heat 
o f  ( B t u / s q f  t / d e g / d a y  ) ( B t u / s q f t / d a y )  
type 1 :  9.0 0 .0  
t y p e  2: 9.0 0.0 
# 48 Number o f  commercial b u i l d i n g s  o f  
U 51 Rate of commercial marke t  p e n e t r a t i o n  
t y p e  1 : 5 
t y p e  2 : 2 
l i n e a r  f u n c t i o n  used w i t h :  
i n i t i a l  p e r c e n t a g e =  50.00 
annua l  change = 25.00 
# 50 Length of  commercial  d i s t r i b .  s y s :  0.20 m i l e s  
II 49 Avg c o s t  p e r  hookup of  a commer. b l d g :  $ 1000. 
( L i s t i n g  con t inued  on nex t  page)  
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( c o n t ' d )  Example 1 .  D e f a u l t  Res iden t i a l /Commerc ia l  S c e n a r i o  w i t h  Resource S p e c i f i e d  














I 4 4  
# 30 
P 22 
Economic a c c o u n t i n g  method: NPV & Disc Avg Cost  
System s e l l i n g  p r i c e  ( $ / m i l .  B t u ) :  
s e l l i n g  p r i c e  i s  a m u l t i p l e  o f :  
e l e c t r i c i t y  p r i c e ,  f a c t o r s  0.70 
S tudy p e r i o d :  20 y e a r s ;  I n t e r v a l s  o f  1 y e a r  
Resource a s ses smen t  p e r i o d  0 y r s  
Well c o s t  ad jus tmen t  f a c t o r :  1 . G O O  
Heat exch .  c o s t  a d j u s t m e n t  f a c t o r :  1.000 
S t o r a g e  t ank  c a p a c i t y :  2 .0  h o u r s  o f  f low 
C a p i t a l  Equipment Amort. Pe r .  P h y s .  L i f e  
we1 Is 30. y r s *  30. y r s  
P ip ing  system 30.  y r s *  30. y r s  
Heat exchanger  10. y r s *  1 0 .  y r s  
P u m p s  10. y r s *  10. y r s  
H o o k u p s  3 0 .  yrs* 3 0 .  y r s  
Peaking b o i l e r  3 0 .  y r s *  3 0 .  y r s  
S t o r a g e  t a n k  30. y r s *  30.  y r s  
A n n ' l  r e s o u r c e  a s s e s s .  c o s t ( $ t h o u s ) :  0 .  
" ( r educed  a s  needed t o  end i n  s t u d y  p e r i o d )  
Discount, r a t e  ( p e r c e n t )  : 2.00 
I n t e r e s t  r a t e  ( p e r c e n t ) :  13 -50  
Cost  c a l c u l a t i o n s  a r e  i n  REAL d o l l a r s  
I n f l a t i o n  r a t e  ( p e r c e n t )  : 8.00 
Cost  o f  e l e c t r i c i t y  ( c t s l k w h )  
compounding f u n c t i o n  used w i t h :  
i n i t i a l  e l e c .  p r i c e =  6 .20  
p e r c e n t  annua l  change= 2.00 
i n i t i a l  f o s s .  f u e l  p r i c e =  9.000 
p e r c e n t  annua l  change= 4.000 
Oper .  & m a i n t .  c o s t  ( $  of  c a p i t a l ) :  1.00% 
B o i l e r  cost($/ lOOK B t u / h r ) :  1500.00 
D i s t r i b  s y s  p i p e  c o s t ( $ t h o u / m i ) :  250.000 
F o s s i l  f u e l  c o s t  ( $ / m i l .  B t u )  
compounding f u n c t i o n  u s e d  w i t h :  
* Cost  o f  I n i t i a l  C a p i t a l  Equipment * * 
Wells : $ 1344.811 thousand 
D i s t r i b u t i o n  s y s t e m :  $ 265.964 thousand 
Heat exchange r s  : $ 35.472 thousand 
Pumps : $ 34.092 thousand 
Hookups : $ 308.040 thousand 
B o i l e r :  $ 141.565 thousand 
T r a n s p o r t  s y s t e m :  $ 119.236 thousand 
S t o r a g e  t ank :  $ 69.804 thousand 
T o t a l  * $ 2318.983 thousand 
........................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(Base p e r i o d  f o r  c o s t s  i s  2nd  Q u a r t e r , l 9 8 1 )  
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S t a n d a r d  G e o t h e r m a l  S y s t e m  
S y s t e m  s i z e d  t o  u s e  a l l  of a v a i l a b l e  r e s o u r c e .  
Area u n d e r  c o n s i d e r a t i o n :  S a l i s b u r y ,  Md. 
W e l l h e a d  water t e m p . ( d e g .  F a h r . ) :  150.0 
D e p t h  of u p w e l l  ( f e e t ) :  5000. 
H o u s i n g  t y p e :  6; S p . H t . ( B t u / h r / d e g ) :  720. 
C a p i t a l  E q u i p m e n t  Amort. P e r .  Phys .  L i f e  
Wells 30. y r s *  30. yrs 
P i p i  n g  -s y s t em 30. y r s *  30. y r s  
Heat e x c h a n g e r  10. y r s *  10. y r s  
I n - w e l l  pumps 10. y r s *  10. y r s  
H o o k u p s  30. y r s *  30. y r s  
P e a k i n g  bo i l e r  30. y r s *  30. y r s  
Storage t a n k  30. y r s *  30. y r s  
Heat e x c h .  c o s t  a d j u s t m e n t  factor :  1.000 
Average cos t  p e r  h o o k u p :  t 1060. 
Mkt p e n e t r a t i o n :  15.0%; H o u s e h o l d s :  03.  
C o s t  of e l e c t r i c i t y  ( c t s / k w h ) :  6.200 
Reject t e m p e r a t u r e  ( d e g . F a h r . ) :  90.0 
D i s t r i b  s y s  p i p e  c o s t ( $ t h o u / m i ) :  250.000 
S y s t e m  d e s i g n  t e m p . ( d e g .  F a h r . ) :  38 
Well cost  a d j u s t m e n t  f a c t o r :  1 .ooo 
D e p t h  of  r e i n j e c t i o n  wel l  ( f e e t ) :  5000. 
Storage t a n k  c a p a c i t y  ( g a l l o n s )  : 29966. 
R e a l / N o m i n a l $  : R ; I n f l a t i o n  r a t e (  % ) : 8.00 
Drawdown of u p w e l l  ( p e r c e n t )  : 2.53 
Interest  r a t e  ( p e r c e n t ) :  13.50 
Min. a m b i e n t  t e m p e r a t u r e  ( d e g . F a h r . 1 :  -5. 
F o s s i l  f u e l  c o s t  ( $ / m i l .  B t u ) :  9.00 
B o i l e r  c o s t ( $ / l O O K  B t u / h r ) :  1500.00 
Maximum f low p e r  well. ( g a l / m i n ) :  249.71 
S t u d y  p e r i o d :  20 y r s ;  I n t e r v a l s  o f  1 y e a r  
M a r k e t  s a t u r a t i o n  ( % ) :  70.00 
P c t .  of d i s t r i b .  s y s .  b u i l t  t h i s  y e a r :  50. 
S y s t e m  s e l l i n g  p r i c e  ( $ / m i l .  B t u ) :  12.72 
T r a n s p o r t  d i s t a n c e  ( m i l e s ) :  0.250 
Domestic h o t  w a t e r ( m i l . B t u / y r / h h ) :  20.10 
E c o n o m i c  a c c o u n t i n g  m e t h o d :  NPV & Disc. Avg. Cost 
R e s o u r c e  a s s e s s m e n t :  0 yrs  @ $ t h o u  0 .  /yr 
Number of  p r o d u c t i o n  wells: 1 
Number of  r e i n j e c t i o n  w e l l s :  1 
O p e r .  & m a i n t .  c o s t  ( %  o f  c a p i t a l ) :  1.00% 
Comm. f l o o r s p a c e  on l i n e ( t h o u . s q  f t ) :  20. 
Cos t  p e r  commercial h o o k u p :  $ 1000.00 
Mkt p e n e t r a t i o n :  50.0%; B u i l d i n g s :  4. 
D i s c o u ' n t  r a t e  ( i n  p e r c e n t )  : 2.00 
*Amort.  per. reduced a s  n e e d e d  t o  e n d  i n  s t u d y  p e r i o d .  
P e a k  t o t a l  f low ( g p m ) :  249.71 
L e n g t h  o f  d i s t r i b u t i o n  s y s t e m :  0.53 m i l e s  
T o t a l  r e s i d e n t i a l  B t u ' s  ( m i l l i o n s )  : 3931.94 
4263.24 T o t a l  g e o t h e r m a l  B t u ' s  ( m i l l i o n s ) :  
0.015 m i l l i o n  kwh P u m p i n g  e n e r g y :  
C o e f f i c i e n t  of  p e r f o r m a n c e :  85.76 
P e r c e n t a g e  g e o t h e r m a l  u t i l i z a t i o n :  6.50 
P e r c e n t a g e  s e r v i c e  g e o t h e r m a l :  90.96 
A n n u a l i z e d  c o s t s  ( t h o u s a n d s  o f  d o l l a r s ) :  
T o t a l  s y s t e m  B t u ' s  ( m i l l i o n s ) :  4686.75 
Well c o s t s :  197.21 8 
19.502 D i s t r i b u t i o n  s y s t e m  c o s t s :  
Heat e x c h a n g e r  c o s t s :  6.668 
O r i g i n a l  pump costs:  6.009 
Hookup  c o s t s :  7.135 
Pump o v e r h a u l  cos t s :  5 - 233 
P u m p i n g  cos t s  : 0.903 
P e a k i n g  b o i l e r  cos t s :  20.761 
F o s s i l  f u e l  c o s t s :  5.069 
17.486 T r a n s p o r t  c o s t :  
S t o r a g e  t a n k  c o s t :  10.237 
O p e r a t i o n  a n d  m a i n t e n a n c e  cos t s :  23.190 
R e s o u r c e  a s s e s s m e n t  cos t s :  0.000 
T o t a l  a n n u a l  w e l l h e a d  cos t s :  229.417 
T o t a l  a n n u a l  s y s t e m  cos t s :  
W e l l h e a d  c o s t  p e r  geo m i l .  B t u ( $ ) :  53.81 
S y s t e m  c o s t  p e r  m i l .  B t u ( $ ) :  68.24 
......................................... 
319.812 
R e v e n u e  ( $  t h o u s a n d s ) :  59.615 
O p e r  c o s t  s a v e d  t h i s  y r ( $ t h o u ) :  26.938 
T o t .  o p e r .  c o s t  s a v i n g s ( $ t h o u ) :  26.938 
Net r e v e n u e  ( $  t h o u s a n d s ) :  -260.197 
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E x a m p l e  2 .  D e f a u l t  I n d u s t r i a l  S c e n a r i o  w i t h  R e s o u r c e  S p e c i f i e d  
( B a s e  p e r i o d  f o r  c o s t s  is 2nd  Q u a r t e r , l 9 8 1 )  
I n d u s t r i a l  S c e n a r i o  P a r a m e t e r s  
P r o g r a m  O p e r a t i n g  C o n d i t i o n s  
# 0 S t a n d a r d  g e o t h e r m a l  s y s t e m  
# 2 O u t p u t  f i l e  name:  MANUAL.OUT 
W 4 T i t l e  of s c e n a r i o :  ( d i s p l a y e d  a b o v e ,  i f  a n y )  
/\ 5 I n d u s t r i a l  s e r v i c e  c h o s e n .  
# 8 Data f i l e s  w i l l  n o t  b e  g e n e r a t e d .  
# 9 S y s t e m  w i l l  b e  s i z e d  a c c o r d i n g  t o  R E S O U R C E  c o n d i t i o n s .  
R e s o u r c e  C o n d i t i o n  P a r a m e t e r s  ............................. 
f\ 42  Number of  p r o d u c t i o n  wel l s :  1 
!I 12 D e p t h  o f  u p w e l l  ( f e e t ) :  5000. 
t 1 1  W e l l h e a d  water t e m p . ( d e g .  F a h r . )  
l i n e a r  f u n c t i o n  u s e d  w i t h :  
i n i t i a l  water t e m p . =  150.0 
a n n u a l  d r o p  i n  t e m p . =  0 .0  
# 21 Reject t e m p e r a t u r e  ( d e g .  F a h r . ) :  90 .0  
# 4 3  Number of  r e i n j e c t i o n  wel l s :  1 
t 2 3  D e p t h  of  r e i n j e c t i o n  w e l l  ( f e e t ) :  5000. 
# 26  Drawdown of  u p w e l l  ( p e r c e n t )  
i n i t i a l  d r a w d o w n =  1 5 . 0 0  
l i n e a r  f u n c t i o n  u s e d  w i t h :  
a n n u a l  c h a n g e =  0 .00  
l i n e a r  f u n c t i o n  u s e d  w i t h :  
# 32 Maximum f l o w  p e r  w e l l  ( g p m )  
i n i t i a l  f low= 2 5 0 . 0 0  
a n n u a l  c h a n g e =  0.00 
# 38 T r a n s p o r t  d i s t a n c e  ( m i l e s )  c a r r y i n g  f low o f .  .. 
1 we l l s '  f low t o  d i s t n .  s y s t e m :  0.250 
I n d u s t r i a l  Demand C o n d i t i o n  P a r a m e t e r s  
I 31 I n d u s t r i a l  u t i l i z a t i o n  f a c t o r  (%I: 35.00 
...................................... 
( L i s t i n g  c o n t i n u e d  o n  n e x t  p a g e )  
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Economic a c c o u n t i n g  method: N P V  & Disc Avg Cost 
System s e l l i n g  p r i c e  ( $ / m i l .  B t u ) :  
s e l l i n g  p r i c e  i s  a m u l t i p l e  o f :  
e l e c t r i c i t y  p r i c e ,  f a c t o r =  0.70 
Study p e r i o d :  20 y e a r s ;  I n t e r v a l s  o f  1 y e a r  
Resource a s ses smen t  pe r iod  0 y r s  
A n n ' l  r e s o u r c e  a s s e s s .  c o s t ( $ t h o u s ) :  0 .  
Well c o s t  a d j u s t m e n t  f a c t o r :  1 .ooo 
Heat exch .  c o s t  a d j u s t m e n t  f a c t o r :  1.000 
S t o r a g e  t ank  c a p a c i t y :  2 . 0  h o u r s  of  f low 
C a p i t a l  Equipment Amort. Pe r .  P h y s .  L i f e  
We1 Is 30. y r s *  30 .  yrs 
Pip ing  system 30. y r s *  30. y r s  
Heat exchanger  10. y r s *  10. y r s  
I n - w e l l  pumps 10. y r s *  10. y r s  
S t o r a g e  t a n k  30. y r s *  30. y r s  
Discount  r a t e  ( p e r c e n t ) :  2.00 
I n t e r e s t  r a t e  ( p e r c e n t )  : 13.50 
Cost  c a l c u l a t i o n s  a r e  i n  REAL d o l l a r s  
I n f l a t i o n  r a t e  ( p e r c e n t ) :  8 .00 
Cost  o f  e l e c t r i c i t y  ( c t s / k w h )  
* ( r e d u c e d  a s  needed t o  end i n  s t u d y  p e r i o d )  
compounding f u n c t i o n  u s e d  w i t h :  
i n i t i a l  e l e c .  p r i c e =  6 .20  
p e r c e n t  annua l  change= 2 .00  
Oper. & main t .  c o s t  ( %  of  c a p i t a l ) :  1.00% 
* Cost  o f  I n i t i a l  C a p i t a l  Equipment * * 
Wells  : $ 1344.811 thousand 
Heat exchange r s :  $ 35.506 thousand 
Pumps : $ 3 4 .  ? 19 thousand 
T r a n s p o r t  s y s t e m :  $ 119.291 thousand 
S t o r a g e  t ank :  $ 69.816 thousand 
* T o t a l  * $ 1603.543 thousand 
........................................... 
........................................... 
(Base  p e r i o d  f o r  c o s t s  i s  2nd Q u a r t e r , l 9 8 1 )  
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System s i z e d  t o  u s e  a l l  o f  a v a i l a b i e  r e s o u r c e .  
Area under  c o n s i d e r a t i o n :  S a l i s b u r y ,  Md. 
Wellhead water temp.(deg.  F a h r . ) :  150.0 
Depth of  upwe l l  ( f e e t ) :  5000. 
Cap i t a l -Equ ipmen t  Amort. Per. Phys 
Wells 30. y r s *  30 - 
P i p i n g  sys t em 30. y r s *  30 * 
Heat' exchange r  \ 10. y r s *  10. 
In-wel l  pumps 10. y r s *  10. 
S t o r a g e  t a n k  30. y r s *  30 - 
Well cost  a d j u s t m e n t  f a c t o r :  
Heat exch.  c o s t  a d j u s t m e n t  f a c t o r :  
Cost of  e l e c t r i c i t y  ( c t s / k w h ) :  6 .200  
Reject  t e m p e r a t u r e  (deg .Fahr . )  : 90.0 
Depth of  r e i n j e c t i o n  well ( f e e t ) :  5000. 
S t o r a g e  t a n k  c a p a c i t y ,  ( g a l l o n s ) :  30000. 
Real /Nominal $.: R ; I n f  l a  t 5 on r a t e (  $ 1  : 8.00 
Drawdown o f .  upwel l  ( p e r c e n t ) :  15.00 
I n t e r e s t  r a t e  ( p e r c e n t ) :  13.50 
I n d u s t r i a l .  u t i l i z a t i o n  f a c t o r  ( % ) :  35.00 
Maximum flow p e r * w e l l  ( g a l / m i n ) :  250.00 
S tudy  p e r i o d :  20 y r s ;  I n t e r v a l s  o f  1 y e a r  
System s e l l i n g  p r i c e  ($ /mi l .  Btu) :  12.72 
Di scoun t  r a t e  ( i n  p e r c e n t ) :  2 .00 
T r a n s p o r t  d i s t a n c e  ( m i l e s ) :  0 .250 
Economic a c c o u n t i n g  method: NPV & Disc. Avg. Cost 
Resource  a s s e s s m e n t :  0 y r s  @ $thou O./yr  
Number of p r o d u c t i o n  wells: 1 
Number of r e i n j e c t i o n  wel ls :  1 
Oper. & m a i n t .  c o s t  ( %  of c a p i t a l ) :  1.00% 
'Amort. p e r .  reduced  a s  needed  t o  end i n  s t u d y  p e r i o d .  
P e a k  t o t a l  f low ( g p n ) :  250.00 
229c)5.00 T o t a i  sys tem B t u ' s  ( m i l l i o n s ) :  
0 . 4 0 7  n i l l l o n  kuh Pumping enerEy:  
C o e f f i c i e n t  o f  per formance:  16.58 
Annual ized  Costs  ( t h o u s a n d s  o f  d o l l a r s )  : 
Well c o s t s :  197.21 3 
Heat exchange r  c o s t s :  6 .675 
O r i g i n a l  pump c o s t s :  6.014 
Pump o v e r h a u l  cos t s  : 5.239 
Annual pumping c o s t s :  25.206 
T r a n s p o r t  c o s t s :  17.094 
S t o r a g e  t a n k  c o s t s :  10.239 
O p e r a t i o n  and ma in tenance  cos t s :  16.@35 
Resource  a s s e s s m e n t  c o s t s :  0.000 
T o t a l  a n n u a l  we l lhead  cos ts :  252.020 
28'1.522 T o t a l  a n n u a l  sys t em c o s t s :  
Wellhead c o s t  p e r  g e o  m i l .  B t u ( $ ) :  10.96 
System cost  p e r  m i l .  B t u ( $ ) :  12.37 
. ........................................ 
Revenue ( $  t h o u s a n d s ) :  292.492 
Net r evenue  ( $  t housands ) :  7 .970 
(Breakeven  p o i n t  a c h i e v e d  i n  t h i s  y e a r )  
Oper c o s t  s a v e d  t h i s  y r ( $ t h o u ) :  234 .007  
To t .  o p e r .  c o s t  s a v i n g s ( $ t h o u ) :  234.097 
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S t a n d a r d  Geothermal System 
System s i z e d  t o  use a l l  o f  a v a i l a b l e  r e s o u r c e .  
Area u n d e r  c o n s i d e r a t i o n :  S a l  i s b u r y ,  Md . 
Xe?lh?ad w a t e r  temp. (deg .  F a h r . ) :  150.0 
Depth o f  upwel l  ( f e e t ) :  5000. 
C a p i t a l  Equipment Amort. P e r .  Phys.  
We1 Is 30. y r s *  30 - 
P i p i n g  s y s t e m  30. y r s *  30 * 
Heat exchange r  10. y r s *  10. 
I n - w e l l  pumps 10. y r s *  10. 
S t o r a g e  t a n k  30. y r s *  30 - 
\ J e l l  c o s t  a d j u s t m e n t  f a c t o r :  
! f e a t  exch .  c o s t  a d j u s t m e n t  f a c t o r :  
Cost o f  e l e c t r i c i t y  ( c t s / k w h ) :  9.032 
R e j e c t  t e m p e r a t u r e  ( d e g  . Fahr . ) : 90.0 
Dcpth o f  r e i n j e c t i o n  w e l l  ( f e e t ) :  5000. 
S t o r a g e  t ank  c a p a c i t y  ( g a l l o n s ) :  30000. 
Real/Norninal$:R; I n f l a t i o n  r a t e ( % ) :  8.00 
Drawdown o f  upwe l l  ( p e r c e n t )  : 15.00 
I n t e r e s t  r a t e  ( p e r c e n t )  : 13.50 
I n d u s t r i a l  u t i l i z a t i o n  f a c t o r  (%I: 35.00 
250.00 Maximum f low p e r  wel l  ( g a l / m i n ) :  
S tudy  p e r i o d :  20 y r s ;  I n t e r v a l s  o f  1 y e a r  
System s e l l i n g  p r i ce  ( $ / m i l .  B t u ) :  18.53 
Di scoun t  r a t e  ( i n  p e r c e n t ) :  2.00 
Peak t o t a l  f low [gpm): 250.00 
T o t a l  system Ytu ' s  ( m i l l i 2 n s )  : 22995.00 
Pumping enz rgy :  0.407 m i l l i o n  kwh 
C o e f f i c l e n t  o f  per formance:  16.58 
Annualized C o s t s  ( t h o u s a n d s  o f  d o l l a r s ) :  
Well c o s t s :  45.698 
O r i g i n a l  pump c o s t s :  3.200 
Pump o v e r h a u l  c o s t s :  5.239 
Annual pumping c o s t s :  36.723 
T r a n s p o r t  c o s t s :  4.054 
S t o r a g e  t a n k  c o s t s :  2.372 
Opera t ion  and ma in tenance  , , o s t s :  16.035 
Resource a s s e s s m e n t  c o s t s :  0 .000  
T o t a l  a n n u a l  wel lhead  c o s t ; :  104.847 
T o t a l  a n n u a l  sys tem c o s t s :  116.669 
Wellhead c o s t  p e r  geo m i l .  B t u ( $ ) :  4.56 
System c o s t  p e r  m i l .  B t u ( $ ) :  5.07 
Revenue ( $  t h o u s a n d s ) :  426.106 
Net revenue  ($4 t h o u s a n d s ) :  309.437 
O p e r  c o s t  saved  t h i s  y r ( $ t h o u ) :  527.152 
To t .  o p e r .  c o s t  s a v i n g s ( $ t h o u ) :  7263.230 
Heat exchanger  c o s t s :  3.339 
-----_-_________________________________- 
* * * t f t t i * * * * * * t T o t a l s  Over  P r o j e c t  Li fe***** * * f * * * * * + X * *  T r a n s p o r t  d i s t a n c e  (mi l e s )  : 0.250 
Economic a c c o u n t i n g  method: N P V  & Disc. Avg. Cos t  * * *  I n i t i a l  C a p i t a l  C o s t :  1603.543 thousand d o l l a r ;  * * *  
Resource  a s s e s s m e n t :  0 y r s  Q $ thou  0.  / y r  * * *  Net P r e s e n t  Value: 2743.817 thousand fo i1a t - s  * * x  
Number o f  p r o d u c t i o n  wel l s :  1 *** Discounted  Average Cos t :  8.090 d o l l a r s / m i l ? i o n  D t u  * * *  
Number o f  r e i n j e c t i o n  wel ls :  1 * * *  Disc .  Avg Wellhead Cos t :  7 .210  d o l l a r s / m i l l . i o n  G t u  r * r  * * *  Ereak-even p o i n t  a c h i e v e d  i n  y e ? ?  3 $ 4  Oper.  h m a i n t .  c o s t  ( %  o f  c a p i t a l ) :  1.00% * * *  Tot .  Oper. Cost Saved: 7263.739 thous-nd  d c l l ? r s  , , *  
**I Payback comple ted  i n  y e a r  6 .*f  
" -  
* * * * * * * * * * * * * * * * * * * f * * * * ~ * * ~ * * ~ * * * * * ~ * * * * ~ * ~ * ~ ~ ~ * ~ ~ ~ ~ ~ ~ * ' = ~ ~  
*Amort. p e r .  reduced  a s  needed t o  end i n  s t u d y  p e r i o d .  (Base  p e r i o d  f o r  c o s t s  i s  2nd Q u z r t c r , l ? " )  
THE JOHNS HOPKINS UNIVERSITY 
APPLIED PHYSICS LABORATORY 
LAUREL, MARYLAND 
Exanp1.e 3 .  Drawdown a n d  Pumping  E n e r g y  C a l c u l a t e d  U s i n g  A q u i f e r  C h a r a c t e r i s t i c s  
(Base p e r i o d  f o r  c o s t s  is  2nd O u a r t e r , 1 9 8 1 )  
I n d u s t r i a l  S c e n a r i o  P a r a m e t e r s  
P r o g r a m  O p e r a t i i l g  C o n d i t i o n s  
I 0 S t a n d a r d  g e o t h e r m a l  s y s t e m  
B 2 O u t p u t  f i l e  nP7pne: MANUAL-OUT 
t II T i t l e  o f  s c e n a r i o :  ( d i s p l a y e d  a b o v e ,  i f  a n y )  
i/ 5 ; n d u o t . r i a l  s e r v i c e  c h o s e n .  
Q 9 Data  f ' iles w i l l  n o t  b e  g e n e r a t e d .  
{/ 9 System w i l l  b e  s i z e d  a c c o r d i n g  t o  RESOURCE c o n d i t i o n s .  
R e s o u r c c  C o n d i t i o n  P a r a m e t e r s  
______________---_-------- - -  
____________________-- - -_- - - -  
{/ 42 Number o f  p r o d u c t i o n  w e l l s :  1 
I '12 D e p t h  of  u p w e l l  ( f e e t ) :  5000. 
8 1 1  W e l l h e a d  water  t e m p . ( d e g .  F a h r . )  
l i n e a r  f u n c t i o n  u s e d  w i t h :  
i n i t i a l  water t e m p . =  1 5 0 . 0  
a n n u a l  d r o p  i n  t e m p . =  0 .0  
# 21  Reject t e m p e r a t u r e  ( d e g .  F a h r . ) :  90 .0  
# 23 D e p t h  of  r e i n j e c t i o n  well  ( f e e t ) :  5000. 
# 26 Drawdown of  u p w e l l  ( p e r c e n t )  
d e t e r m i n e d  from a q u i f e r  c h a r a c t e r i s t i c s :  
# 4 3  Number of  r e i n j e c t i o n  wells: 1 
P u m p i n g  c y c l e :  D i u r n a l  ( 1 2  h o u r s  d a i l y )  
T r a n s p i s s i v i t y =  0.500 s q . c m . / s e c .  
A q . S t o r . C o e f . =  0.003900; Well R a d i u s = l O . O  i n .  
# 32 Maximum flow p e r  well (gpm)  
l i n e a r  f u n c t i o n  u s e d  w i t h :  
i n i t i a l  f low= 250.00 
a n n u a l  change= 0.00 
# 38 T r a n s p o r t  d i s t a n c e  (mi l e s )  c a r r y i n g  f low o f . . .  
I n d u s t r i a l  Demand C o n d i t i o n  P a r a m e t e r s  
# 31 I n d u s t r i a l  u t i l i z a t i o n  f a c t o r  ( I ) :  50.00 
1 wells '  f low t o  d i s t n .  system: 0.250 
...................................... 
( L i s t i n g  c o n t i n u e d  o n  n e x t  p a g e )  
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# 4 4  
Economic a c c o u n t i n g  method: NPV & Disc  Avg Cost  
System s e l l i n g  p r i c e  ( $ / m i l .  B t u ) :  
s e l l i n g  p r i c e  i s  a m u l t i p l e  o f :  
e l e c t r i c i t y  p r i c e ,  f a c t o r =  0.70 
S tudy  p e r i o d :  20 y e a r s ;  I n t e r v a l s  o f  1 y e a r  
Resource a s ses smen t  p e r i o d  0 y r s  
A n n ' l  r e s o u r c e  a s s e s s .  c o s t ( $ t h o u s ) :  0 .  
Well c o s t  a d j u s t m e n t  f a c t o r :  1 .ooo 
Heat exch .  c o s t  a d j u s t m e n t  f a c t o r :  1.000 
S t o r a g e  t ank  c a p a c i t y :  2 .0  hour s  o f  f low 
C a p i t a l  E q u i p m e n t .  A m o r t .  P e r .  Phys. L i f e  
Wells  30 .  y r s *  30. y r s  
P ip ing  system 3 C .  yrs* 30. y r s  
Heat exchanger  10 .  y r s *  10. y r s  
I n - w e l l  puinps 10. y r s *  10. y r s  
S t o r a g e  t a n k  30. y r s *  30. y r s  
Discount  r a t e  ( p e r c e n t ) :  2 .00 
I n t e r e s t  r a t e  ( p e r c e n t ) :  13 -50  
Cost  c a l c u l a t i o n s  a r e  i n  REAL d o l l a r s  
I n f l a t i o n  r a t e  ( p e r c e n t ) :  8.00 
Cos t  o f  e l e c t r i c i t y  ( c t s / k w h )  
* ( r e d u c e d  a s  needed t o  e n d  i n  s t u d y  p e r i o d )  
compounding f u n c t i o n  u s e d  w i t h :  
i n i t i a l  e l e c .  p r i c e =  6.20 
p e r c e n t  annua l  change= 2.00 
O p e r .  & m a i n t .  c o s t  ( %  of  c a p i t a l ) :  1.00% 
* * Cost  o f  I n i t i a l  C a p i t a l  Equipment 
Wells  : $ 1344.81 1 thousand 
Heat exchange r s  : $ 35.506 thousand 
P u m p s  : $ 54.270 thousand 
T r a n s p o r t  system: $ 119.295 thousand 
S t o r a g e  t a n k :  $ 69.816 thousand 
* T o t a l  * $ 1623.694 thousand 
........................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(Base  p e r i o d  f o r  c o s t s  i s  2nd O u a r t e r , 1 9 8 1 )  
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System s i z e d  t o  u s e  a l l  o f  a v a i l a b l e  r e s o u r c e .  
Area u n d e r  c o n s i d e r a t i o n :  S a l i s b u r y ,  Md . 
Wellhead w a t e r  temp. (deg .  F a h r . ) :  150.0 
Depth o f  upwe l l  ( f e e t ) :  5000. 
C a p i t a l  Equipment Amort. Per. P h y s .  L i f e  
Wells 30. y r s *  30. y r s  
P i p i n g  +system' 30. y r s *  30. y r s  
Heat exchanee r  ' 10. y r s *  10. y r s  
I n - w e l l  pumps 10. yrs* 10. y r s  
S t o r a g e  t ank  30. y r s *  30. y r s  
Heat exch .  c o s t  a d j u s t m e n t  f a c t o r :  1.000 
Well c o s t  a d j u s t m e n t  f a c t o r :  1 .ooo 
Cost  of e l e c t r i c i t y  ( c t s ikw 'h ) :  6 .200  
Depth o f  r e i n j e c t i o n  wel l  ( f e e t ) :  5000. 
S t o r a g e  t a n k  c a p a c i t y  ( g a l l o n s )  : 30000. 
Real/Nominalf : R ;  I n f l a t i o n  r a t e ( $ )  : 8.00 
Drawdown o f  u p w e l l  ( p e r c e n t )  : 24.99 
I n t e r e s t  r a t e  ( p e r c e n t ) :  13.50 
Industrial u t i l i z a t i o n  f a c t o r  ( $ 1 :  50.00 
Maximum f low p e r  well ( g a l / m i n ) :  250.00 
S t u d y  p e r i o d :  20 y r s ;  I n t e r v a l s  o f  1 y e a r  
System s e l l i n g  p r i c e  ( . $ / m i l .  B t u ) :  12.72 
T r a n s p o r t  d i s t a n c e  ( m i l e s ) :  0.250 
Economic a c c o u n t i n g  method: NPV h Disc. Avg. Cos t  
Resource  a s s e s a n e n t :  0 y r s  @ $thou O./yr 
Number of p r o d u c t i o n  wel ls :  1 
Number  o f  r e i n j e c t i o n  w e l l s :  1 
Oper.  & main t .  c o s t  ( Z  of  c a p i t a l ) :  1.00% 
R e j e c t  t e m p e r a t u r e  (deg1Fahr . )  : 90 .0  
Di scoun t  r a t e  ( i n  p e r c e n t ) :  2.00 
*Amort. p e r .  reduced  a s  needed t o  end i n  s t u d y  p e r i o d .  
Peak t o t a l  f low (ppm) :  75?. 00 
T o t a l  sys tem B t u ' s  ( m i l l i o n s ) :  32853.00 
Pumping ene rgy :  0 . 8 0 0  m i l l i o n  kwh 
Annual ized  C o s t s  ( t h o u s a n d s  o f  d o l l s r s ) :  
C o e f f i c i e n t  o f  per formance:  12.03 
\ ;el l  c o s t s :  15)7.?18 
Eea t  exchange r  c o s t s :  6 .575  
O r i g i n a l  pump c o s t s :  10 .202  
Pump o v e r h a u l  c o s t s :  lC.SU5 
S t o r a g e  t a n k  c o s t s :  1 0 . 2 3 0  
Annual pumping c o s t s :  J J c > .  623 
T r a n s p o r t  c o s t s :  1-.;4?4 
C p e r a t i o n  and ma in tenance  c o s t s :  15.237 
Resource  a s s e s s m e n t  c o s t s :  0.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l  annua l  wel lheaS c o s t s :  2 3L.  2 7 9 
T o t a l  a n n u a l  s y s t e m  2os ts :  j I P t . 2 ? ?  
Wellhead c o s t  p e r  g t o  v i l .  
System c o s t  p e r  m i l .  B t u ( $  
Revenue ( 3  t h o u a a r d s ) :  
Btu!$): 7 . 2 5  
9 . 6 9  
. . 4 i 7 . 5 J i 6  
Net r evenue  ( 9  t housands )  : 9.3. 6 i 3 
(Breakeven  p o i n t  ach ieved  n t h i s  yc.?r)  
O p e r  c o s t  saved  t h i s  y r ( $ t .  o u ) :  327.355 
Tot .  o p e r .  c o s t  sa.Jinty:s( $ t h o u )  : 327.355 
Example 3. Drawdown and Pumping Energy C a l c u l a t e d  Using Aqu i fe r  C h a r a c t e r i s t i c s  
I n d u s t r i a l  S c e n a r i o  i n  Year 19  ....................................................... 
Opt ion  Value ....................................................... 
0 S t a n d a r d  Geothermal System 
9 System s i z e d  t o  u s e  a l l  o f  a v a i l a b l e  r e s o u r c e .  
10 Area u n d e r  c o n s i d e r a t i o n :  S a l i s b u r y ,  Md. 
1 1  Wellhead w a t e r  t emp . (deg .  F a h r . ) :  150.0 
12 Depth of upwel l  ( f e e t ) :  5000. 
15 C a p i t a l  Equipment Amort. Per .  Phys. L i f e  
Wells 30. y r s *  30. y r s  
P i p i n g  sys tem 30. y r s *  30. y r s  
Heat exchange r  10. y r s *  10. y r s  
I n - w e l l  pumps 10. y r s *  10. y r s  
S t o r a g e  t a n k  30. y r s *  30. y r s  
16 Well c o s t  a d j u s t m e n t  f a c t o r :  1.000 
17 Heat exch .  c o s t  a d j u s t m e n t  f a c t o r :  1.000 
I 
P 20 Cost of e l e c t r i c i t y  ( c t s / k w h ) :  9 * 032 
P 2 1  R e j e c t  t e m p e r a t u r e  ( d e q . F a h r . ) :  90.0 
2 3  Depth o f  r e i n j e c t i o n  w e l l  ( f e e t ) :  5000. h, 
I 2 4  S t o r a g e  t a n k  c a p a c i t y  ( g a l l o n s ) :  30000. 
25 Real/Nominal$:R; I n f l a t i o n  r a t e ( % ) :  8.00 
26 Drawdown of  u p w e l l  ( p e r c e n t ) :  29.53 
27 I n t e r e s t  r a t e  ( p e r c e n t ) :  13.50 
31 
32 









I n d u s t r i a l  u t i l i z a t i o n  f a c t o r  ( % I :  50.00 
Maximum f low p e r  w e l l  ( g a l / m i n ) :  250.00 
S t u d y  p e r i o d :  20 y r s ;  I n t e r v a l s  of  1 y e a r  
System s e l l i n g  p r i c e  ( $ / m i l .  B t u ) :  18.53 
Di scoun t  r a t e  ( i n  p e r c e n t )  : 2.00  
T r a n s p o r t  d i s t a n c e  (mi l e s )  : 0.250 . 
Economic a c c o u n t i n g  method: NPV L? Disc .  Avg. Cos t  
Resource  a s s e s s m e n t :  0 y r s  e $ t h o u  0.  / y r  
N u m b e r  of  p r o d u c t i o n  wel ls :  1 
Number of r e i n j e c t i o n  w e l l s :  1 
O p e r .  & m a i n t .  c o s t  ( $  of c a p i t a l ) :  1.00% 
Peak t o t a l  f low (gpm): c"50.30 
T o t a l  system B t u ' s  ( m i l l i o n s ) :  3 2 ~ 5 ~ .  or: 
C o e f f i c i e n t  o f  per formance  : '5. f,3 
Heat exchanger c o s t s :  3 .330  
O r i g i n a l  pump c o s t s :  5.1Q:; 
Annual pumping c o s t s :  8 9 - 7 2 ?  
T r a n s p o r t  c o s t s :  4 . 0 5 4  
S t o r a g e  t a n k  c o s t s :  2.277 
Pumping ene rgy :  0 .993  n i l l i o n  % w h  
Annualized C o s t s  ( t h o u s a n d s  o f  d o l l ? r o )  : 
Well c o s t s :  4 5 . 6 9 6  
Pump ove rhau l  c o s t s :  1 !> . 5 :I 5 
Opera t ion  and ma in tenance  c o s t s :  16.237 
Resource a s s e s s m e n t  c o s t s :  0 * *? 0 0 
T o t a l  annua l  we l lhead  c o s t s :  78 .  hn? 
T o t a l  annual  sys tem c o s t s :  177 .c77  
System c o s t  p e r  m i l .  B t u < $ ) :  5- 3? 
Net revenue  ( $  t h o u s a n d s ) :  a 3 : .  6Q6 
______________-__------------------------- 
Wellhead c o s t  p e r  geo m i l .  B t u ( $ ) :  2 . 3 9  
Revenue ( 8  t h o u s a n d s ) :  6 0 8 . 7 2 2  
Oper c o s t  saved  tnis y r ( $ t h o u j :  7 ? 2 . 2 7 ' . )  
Tot .  ope r .  c o s t  s a v i a g s ( $ t h o u ) :  3352-?G4? 
. .. . . . - . . . . . . 
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Example 4. Special Fossil-Fuel-Only Case of District Heating System 
(Base period f o r  costs is 2nd auarter,1981) 
Residential-Commercial Scenario Parameters 
Program Operating Conditions ............................ 
# 0 ffFossil-Fuel-Onlyll system--ignore geothermal 
I 2 Output file name: MANUAL.OUT 
If 4 Title of  scenario: (displayed above, if any) 
# 5 Residential-Commercial service chosen. 
# 8 Data files will not be generated. 
# 9 System w i l l  be sized according to DEMAND conditions 
Resource Condition Parameters 
# 38 Transport distance (miles): 0 . 2 5  
Residential-Commercial Demand Condition Parameters 
# 10 Area under consideration: Salisbury, Md. 
# 28 Min. ambient temperature (deg. Fahr.): -5. 
# 35 Fraction of distribution system installed: 
............................. 
.................................................. 
# 14 System design temp.(deg. Fahr.): 30 
in year 0 = 50.000% 
in year 1 : 12.500% 
in year 2 : 12.500% 
in year 3 = 12.500% 
in year 4 : 12.500% 
(Listing continued on next page) 
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( c o n t ’ d j  E r a m p l e  4 .  S p e c i a l  F o s s i l - F u e l - O n l y  Case o f  D i s t r i c t  H e a t i n g  S y s t e m  
( R r s i d e n  t i a l - S p e c i  f i c )  
i/ 1 3  P e r c e n t a g e s  of  h o u s i n g  t y p e s  on s y s t e m :  
P 5 2  rj l t i inate n u m b e r  o f  h o u s e h o l d s :  *’?4. 
H o u s i n g  t y p e  ( % )  ( B t u / h r / d e g )  
1 - s i n g l e  f a m i l y  s u b u r b a n :  0.000 1 2 0 0 .  
? - s i n g l e  f a m i l y  d e n s e :  20.000 1 2 0 0 .  
5 - h i g h  r i s e :  0.000 348. 
j- t o w n h o u s e  : 40.000 780. 
14-garden a p t s . :  40.000 4 2 0 .  
d 34 M a r k e t  s a t u r a t i o n  (%)E 70.00 
: 19 Rate o f  r e s i d e n t i a l  m a r k e t  p e n e t r a t i o n  
l i n e a r  f u n c t i o n  u s e d  w i t h :  
i n i t i a l  p e r c e n t a g e =  15.00 
a n n u a l  c h a n g e  = 8.00 
9 I 8  Hookup  c o s t  p e r  h o u s e h o l d :  
H c u s i n g  t y p e  ( $ )  
1 - s i n g l e  f a m i l y  s u b u r b a n :  1500.00 
2 - s i n g l e  f a m i l y  dense: 1 5 0 0 . 0 0  
3- t o w n h o u s e  : 1 5 0 0 . 0 0  
4 - g a r d e n  a p t s .  : 400.00 
5 - h i g h  r i se :  400.00 
Avg h o o k u p  c o s t  p e r  h o u s e h o l d :  1060.00 
C 34 Domestic h o t  w a t e r ( m i l . B t u / y r / h h ) :  20 .10  
( C o m m e r c i a l - S p e c i f i c )  
i! 4 5  Number o f  t y p e s  o f  commercial b u i l d i n g s :  2 
1! 46 Avg. f l o o r  s p a c e  f o r  e a c h  commercial b u i l d i n g  of  
t y p e  1 : 14.000 t h o u s a n d  s q .  f t .  
t y p e  2 : 1 0 . 0 0 0  t h o u s a n d  sq. f t .  
# 47  A v e r a g e  h e a t  demand  f o r  
B u i l d i n g s  S p a c e  Heat Hot Water Heat 
o f  ( B t u / s q f t / d e g / d a y )  ( B t u / s q  f t / d a y )  
t y p e  1 :  9 .0  0 .0  
t y p e  2: 9 . 0  0 .0  
# 48 Number of commercial b u i l d i n g s  o f  
t y p e  1 : 5 
t y p e  2 : 2 
# 51 Rate o f  commercial m a r k e t  p e n e t r a t i o n  
l i n e a r  f u n c t i o n  u s e d  w i t h :  
i n i t i a l  p e r c e n t a g e =  50.00 
a n n u a l  c h a n g e  = 25.00 
# 50 L e n g t h  o f  commercial d i s t r i b .  s y s :  0.20 miles 
# 49 Avg c o s t  p e r  h o o k u p  o f  a commer. b l d g :  $ 1000.  
( L i s t i n g  c o n t i n u e d  o n  n e x t  p a g e )  
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# 4 4  
30 
# 22 
E c o n o m i c  a c c o u n t i n g  m e t h o d :  NPV & Disc Avg Cost 
S y s t e m  s e l l i n g  p r i c e  ( $ / m i l .  B t u ) :  
s e l l i n g  p r i c e  i s  a m u l t i p l e  o f :  
e l e c t r i c i t y  p r i c e ,  f a c t o r =  0 .70  
S t u d y  p e r i o d :  20 y e a r s ;  I n t e r v a l s  of  1 y e a r  
R e s o u r c e  a s s e s s m e n t  p e r i o d  0 y r s  
A n n ' l  r e s o u r c e  assess .  c o s t ( $ t h o u s ) :  0 .  
Well c o s t  a d j u s t m e n t  f a c t o r :  1 .000 
Heat e x c h .  c o s t  a d j u s t m e n t  f a c t o r :  1.000 
S t o r a g e  t a n k  c a p a c i t y :  2 .0  h o u r s  o f  f l ow 
C a p i t a l  E q u i p m e n t  Amort. P e r .  P h y s .  L i f e  
we1 Is 30. y r s *  3 0 .  y r s  
P i p i n g  s y s t e m  30. y r s *  30. y r s  
Heat e x c h a n g e r  10 .  y r s *  10. y r s  
Pumps 10. y r s *  10. y r s  
H o o k u p s  30. y r s *  30.  y r s  
P e a k i n g  b o i l e r  30. y r s *  30.  jrr? 
S t o r a g e  t a n k  30. y r s *  3C. y r s  
" ( r e d u c e d  as  n e e d e d  t o  e n d  i n  s t u d y  p c i - i o d )  
D i s c o u n t  r a t e  ( p e r c e n t ) :  2 . 0 0  
I n t e r e s t  r a t e  ( p e r c e n t )  : 13.50 
Cos t  c a l c u l a t i o n s  a r e  i n  REAL d o l l a r s  
I n f l a t i o n  r a t e  ( p e r c e n t ) :  8 .09  
Cost o f  e l e c t r i c i t y  ( c t s / k w h )  
c o m p o u n d i n g  f u n c t i o n  u s e d  w i t h :  
i n i t i a l  e l ec .  p r i c e =  6 . 2 0  
p e r c e n t  a n n u a l  c h a n g e =  2 . 0 0  
i n i t i a l  f o s s .  f u e l  pr ice : :  9.000 
p e r c e n t  a n n u a l  c h a n g e .  4.000 
O p e r .  & m a i n t .  cost ( %  of c a p i t a l ) :  1.00% 
Boiler  cost($/lOOK B t u / h r ) :  1500.00 
D i s t r i b  s y s  p i p e  c o s t ( $ t h o u / m i ) :  250.000 
F o s s i l  f u e l  c o s t  ( $ / m i l .  B t u )  
c o m p o u n d i n g  f u n c t i o n  u s e d  w i t h :  
* * Cost of  I n i t i a l  C a p i t a l  E q u i p m e n t  * 
D i s t r i b u t i o n  s y s t e m :  $ 265.96U t h o u s a n d  
Pumps : B 6 . 1 1 9  t h o u s a n d  
H o o k u p s  : $ 3 0 8 . 0 4 0  t h o u s a n d .  
Boi le r  : $ 2 5 3 . 7 3 6  t h o u s a n d  
T r a n s p o r t  s y s t e m :  $ 218 .98b  t h o u s a n d  
* T o t a l  * $ 1053.9112 t h o u s a n d  
........................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(Rase p e r i o d  f o r  c o s t s  is-  2ne Q u a r t e r ,  1981) 
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"Fossi l -Fuel-Onlyl t  System ( i g n o r e  g e o t h e r m a l ) .  
System s i z e d  t o  meet t h e  s p e c i f i e d  demand. 
Area under  c o n s i d e r a t i o n :  S a l i s b u r y ,  Md. 
Wellhead wa te r  temp. (deg .  F a h r . ) :  150.0 
Depth o f  u p w e l l  ( f e e t ) :  5000. 
Housing t y p e :  6;  Sp .Ht . (B tu /h r /deg ) :  720. 
C a p i t a l  Equipment Amort. P e r .  P h y s .  L i f e  
System d e s i g n  temp. (deg .  F a h r . ) :  38 
Wells 30. y r s *  30. y r s  
P i p i n g  s y s t e m  30. y r s *  30. y r s  
Heat exchanger  10. y r s *  10.  y r s  
I n - w e l l  pumps 10. y r s *  10. y r s  
Hookups 30. y r s *  30. y r s  
Peaking  b o i l e r  30-  y r s *  30. yrs 
S t o r a g e  t a n k  30. y r s *  30. y r s  
Heat exch .  c o s t  a d j u s t m e n t  f a c t o r :  1.000 
Average c o s t  p e r  hookup: $ 1060. 
Mkt p e n e t r a t i o n :  15.0%; Households:  43. 
Cost  o f  e l e c t r i c i t y  ( c t s / k w h ) :  6.200 
R e j e c t  t e m p e r a t u r e  ( d e g . F a h r . 1 :  90.0 
D i s t r i b  s y s  p i p e  c o s t ( $ t h o u / m i ) :  250.000 
Depth o f  re inject ion w e l l  ( f e e t ) :  5000. 
S t o r a g e  t a n k  c a p a c i t y  ( g a l l o n s ) :  0. 
Real/Nominal.$:R; I n f l a t i o n  r a t e ( % ) :  8 .00  
Drawdown o f  upwel l  ( p e r c e n t )  : 0 .00  
I n t e r e s t  r a t e  ( p e r c e n t )  : 13.50 
Min .  ambient  t e m p e r a t u r e  (deg .Fahr .1 :  -5 .  
F o s s i l  f u e l  c o s t  ( $ / m i l .  B t u ) :  9.00 
B o i l e r  cost($/ lOOK B t u / h r ) :  1500.00 
Maximum f low p e r  w e l l  ( g a l / m i n ) :  1128.60 
S tudy  p e r i o d :  20 y r s ;  I n t e r v a l s  o f  1 y e a r  
Market s a t u r a t i o n  ( % ) :  70.00 
P c t .  of  d i s t r i b .  s y s .  b u i l t  t h i s  y e a r :  50. 
System s e l l i n g  p r i c e  ( $ / m i l .  B t u ) :  12.72 
T r a n s p o r t  d i s t a n c e  ( m i l e s ) :  0.250 
Domestic ho t  w a t e r ( m i l . B t u / y r / h h )  : 20.10 
Economic a c c o u n t i n g  method: NPV & Disc. Avg:Cost 
Resource assessment: 0 y r s  @ $ thou  O . / y r  
Number  o f  p r o d u c t i o n  we l l s :  f 
Number o f  r e i n j e c t i o n  wel l s :  1 
O p e r .  & main t .  c o s t  ( %  of  c a p i t a l ) :  1 .00% 
Comm. f l o o r s p a c e  on l i n e (  t h o u . s q  f t ) :  20.  
Cost p e r  comrnercial hookup: $ 1000. OG 
Well c o s t  a d j u s t m e n t  f a c t o r :  1.000 
Discount  r a t e  ( i n  p e r c e n t )  : 2.00  
M k t  p e n e t r a t i o n :  50.0%; B u i l d i n g s :  4 .  
S p e c i f i e d  number o f  househo lds :  2 8 t .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * i g n o r e  g e o t h e r m a l - r e l a t e d  f ig ! i r e s  * * 
Peak t o t a l  f low ( g p r n ) :  1128.60 
0 .53  m i l e s  Length o f  d i s t r i b u t i o n  s y s  tern : 
T o t a l  r e s i d e n t i a l  F t u ' s  ( m i l l i o n s ) :  3931.94 
T o t a l  system B t u ' s  ( m i l l i o n s ) :  4686.75 
0.005 m i l l i o n  kwh Pumping energ:; : 
C o e f f i c i e n t  o f  per formance:  
T o t a l  geothermal  R t u ' s  ( m i l l i o n s ) :  0 .00  
* * * * * * * * * * * * *  
Percentcage g e o t h e r n a l  u t i l i z a t i o n :  0.00 
Pe rcen tage  s e r v i c e  geothermal  : 0.00 
Well c o s t s :  0.000 
D i s t r i b u t i o n  s y s  tem c o s t s  : 19.502 
Heat exchanger  c o s t s :  0 .000  
O r i g i n a l  pump c o s t s :  1 . 15'0 
Hookup c o s t s  : 7.135 
Pump overha111 c o s t s :  0.092 
P w p i n g  c n s t s  : 0.307 
Peaking b o i l e r  c o s t s :  37.240 
Fossil f u e l  c c s t s :  56.1017 
Transpor t  c o s t :  32.115 
S t o r a g e  t . ?nk  c c s t :  e .  000 
OF-ra t ion  and n a i n t e n a n c e  c o s t s :  10.530 
hccnurce a s s e s s  c .  300 
AnnLialized c o s t s  ( t h o u s a n d s  o f  d o l l a r s )  : 
____________________-- - - - - - - - - - -_- - - -_- - -  
To:;al ~ n p r l a ]  w p l  :head c o s t s  : * 3 i ( B F T x X  E*::% 
T c t s l  snrtial sys tem c o s t s :  161!. 171 
'dellhead c o s t  p q r  gca? n i l .  ! 3 t u ( $ ) : " * * ~ ~ ~ " +  
Systcrn C G S ~  p q r  ::::'. . ? t u (  2 )  : 35.3:  
Revenue ( $  thousani2s) : 59 .615  
!;et revenue  ( $  t h c v s a n  . : : a )  : - 1 0 4 . 5 5 6  
Opzr  c o s t  saved  t h i s  y r ($ t ,hc l> ) :  - 1 0 . P 2 7  
T o t .  0 p f . T .  C!ClSt ZR'J!.?:;'j[$thOiJ): - !0 .@?'7  















































"Foss i l -Fuel -Only t f  System ( i g n o r e  geo the rma l ) .  
System s i z e d  t o  meet t h e  s p e c i f i e d  demand. 
Area under  c o n s i d e r a t i o n :  S a l  i s b u r y ,  Md . 
Wellhead wa te r  temp.(deg.  F a h r . ) :  150.0 
Depth o f  upwel l  ( f e e t ) :  5000. 
Housing type :  6; Sp .Ht . (B tu /h r /deg ) :  720. 
System d e s i g n  temp.(deg.  F a h r . ) :  38 
C a p i t a l  Equipment Amort. Per.  Phys. L i f e  
Wells 30. y r s *  30. y r s  
P i p i n g  system 30. y r s *  30. y r s  
Heat exchanger  10. y r s *  10.  y r s  
I n - w e l l  pumps 10. y r s *  10. y r s  
Hookups 30. y r s *  30. y r s  
Peaking  b o i l e r  30. y r s *  30. y r s  
S t o r a g e  t a n k  30. y r s *  30. y r s  
Well c o s t  a d j u s t m e n t  f a c t o r :  1 .ooo 
Heat exch .  c o s t  a d j u s t m e n t  f a c t o r :  1.000 
Average  c o s t  p e r  hookup: $ 1060. 
Mkt pene t r a t ion :100 .0$ ;  Households:  284. 
Reject t e m p e r a t u r e  (deg .Fahr  .) : 90.0  
D i s t r i b  s y s  p i p e  c o s t ( $ t h o u / m i ) :  250.000 
Depth o f  r e i n j e c t i o n  wel l  ( f e e t ) :  5000. 
S t o r a g e  t a n k  c a p a c i t y  ( g a l l o n s )  : 0.  
Real/Nominal$:R; I n f l a t i o n  r a t e ( $ ) :  8.00 
Drawdown of upwel l  ( p e r c e n t )  : 0.00 
In te res t  r a t e  ( p e r c e n t ) :  13.50 
Min. ambient  t e m p e r a t u r e  (deg .Fahr .1 :  -5. 
F o s s i l  f u e l  cost ( $ / m i l .  B tu ) :  18.96 
B o i l e r  cost($/IOOK B t u / h r ) :  1500.00 
Maximum f low p e r  w e l l  ( g a l / m i n ) :  1128.60 
S tudy  pe r iod :  20 y r s ;  I n t e r v a l s  o f  1 y e a r  
Market s a t u r a t i o n  ( $ )  : 70.00 
P c t .  o f  d i s t r i b .  s y s .  b u i l t  t h i s  year :  0. 
System s e l l i n g  p r i c e  ( $ / m i l .  B tu ) :  18.53 
T r a n s p o r t  d i s t a n c e  ( m i l e s ) :  0.250 
Domestic h o t  wa te r (mi l .B tu /y r /hh )  : 20.10 
Economic a c c o u n t i n g  method: N P V  & Disc.  Avg. Cost 
Resource a s ses smen t :  0 y r s  Q $ thou  O./yr 
Number o f  p r o d u c t i o n  wel ls :  1 
Number of  r e i n j e c t i o n  wel ls :  1 
O p e r .  & main t .  c o s t  ( %  of  c a p i t a l ) :  1 .00% 
Comm. f l o o r s p a c e  on l i n e ( t h o u . s q  f t ) :  0 0 .  
Cost  p e r  commercial  hookup: $ 1000.00 
Mkt p e n e t r a t i o n : 1 0 0 . 0 % ;  B u i l d i n g s :  7 .  
S p e c i f i e d  number of  househo lds :  284. 
Cost  o f  e l e c t r i c i t y  ( c t s /kwh)  : 9.032 
Discount  ra te  ( i n  p e r c e n t ) :  2.00 
*Amort. p e r .  reduced  a s  needed t o  end i n  st,udy p e r i o d .  
R e s u l t s  o f  Res ident ia l -Commerc ia l  Model f o r  Year 19 
................................................... 
* i g n o r e  g e o t h e r m a l - r e l a t e d  f i g u r e s  * * 
Peak t o t a l  f low (gpm): 1128.60 
Length of  d i s t r i b u t i o n  sys t em:  1.06 miles 
T o t a l  r e s i d e n t i a l  B t u ' s  ( m i l l i o n s ) :  26212.91 
T o t a l  sys tem B t u ' s  ( m i l l i o n s ) :  27722.53 
Pumping ene rgy :  0 .029 m i l l i o n  kwh 
T o t a l  geo the rma l  B t u ' s  ( m i l l i o n s ) :  0.00 
C o e f f i c i e n t  o f  per formance:  * * * * * * * * * * * * *  
P e r c e n t a g e  geothermal  u t i l i z a t i o n :  0.00 
P e r c e n t a g e  s e r v i c e  geo the rma l :  0.00 
Well c o s t s :  0.000 
D i s t r i b u t i o n  sys tem c o s t s :  10.217 
Heat exchanger  c o s t s :  0.000 
O r i g i n a l  pump c o s t s :  0 .575 
Hookup c o s t s :  17.926 
Pump o v e r h a u l  c o s t s :  0 .092 
Pumping c o s t s  : 2.641 
Peaking b o i l e r  c o s t s :  8 .629 
F o s s i l  f u e l  c o s t s :  699.134 
T r a n s p o r t  c o s t :  7 . 4 4 1  
S t o r a g e  t ank  c o s t :  0.000 
O p e r a t i o n  a n d  main tenance  c o s t s :  10.530 
Resource a s ses smen t  c o s t s :  0.000 
T o t a l  a n n u a l  wel lhead  costs :************* 
T o t a l  a n n u a l  s y s t e m  c o s t s :  757.185 
Wellhead c o s t  p e r  geo m i l .  B tu($) :******* 
System c o s t  p e r  m i l .  B t u ( $ ) :  27.31 
Revenue  ( $  t housands ) :  51 3.709 
Annual ized c o s t s  ( t h o u s a n d s  o f  d o l l a r s )  : 
......................................... 
Net revenue  ( $  t h o u s a n d s ) :  -243.477 
Oper c o s t  saved  t h i s  y r ( $ t h o u ) :  -13.172 
T o t .  o p e r .  c o s t  s a v i n g s ( $ t h o u ) :  -245.528 
******i******t**ttTotals Over  P r o j e c t  L i f e * * * Y * f * * * * * * * * * * X "  
***  I n i t i a l  C a p i t a l  Cos t :  1053.092 thousand d o l l a r s  * * Z  *** Net Present  Value: -2557.418 thousand d o l l a r s  * * *  
***  Discounted  Average Cos t :  23.413 d o l l a r s / m i l l i c n  B t u  * x *  
* * *  Disc .  Avg Wellhead Cost:******** d o l l a r s / m i l l i o n  B t u  * * *  
* * *  T o t .  Oper. Cost  Saved: -245.528 thousand d o l l a r s  * * *  
* * * * * * * * Z * * * * * * * * i * * * * * * * * * * * ~ * * * * * ~ * * * ~ ~ * * ~ * * * ~ x * * * ~ 4 ~ * ~ * ~ ~  
***  Break-even p o i n t  no t  reached  * * *  
* * *  Payback no t  ach ieved  * * *  
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Appendix D 
Der iya t ion  of t h e  Expression f o r  Discounted Average Cost 
The n e t  p re sen t  va lue  of a stream of revenues and c o s t s  of 
a p r o j e c t  can be expressed as 
T (Rt - Ct>  
NPV = c Y 
t = O  (1 + d ) t  
where: Rt = revenues i n  year  t ,  
Ct  = c o s t s  i n  year  t. 
d = discount  rate, 
t = year  of eva lua t ion ,  and 
T = l as t  year  i n  eva lua t ion .  
What w e  want t o  cons ider  is  t h e  case where t h e  n e t  p re sen t  
va lue  over t h e  p r o j e c t  l i f e  equals  zero .  That 1 9 ,  t h e  p r o j e c t  
j u s t  breaks even a t  t h e  end. 
so 
T 
NPV = C 
t = O  
T 
o = c  
t = O  
T 
o = c  
t = O  
(Rt - Ct) 
= o  ; 
(1 + d) t  
Rt - Ct Y 
(1 + d ) t  (1 + d ) t  
Rt T ct Y 
- c  
(1 + d ) t  t = O  (1 + d ) t  
and 
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Rt T = c  T Ct c 
t-0 (1 + d ) t  t=O (1 + d ) t  
We recall t h a t  i n  b a s i c  economic terms, i f  we  set t h e  p r i c e  
of a good a t  i t s  average c o s t ,  t h e  t o t a l  revenues w i l l  equa l  t h e  
t o t a l  c o s t  of t h e  goods so ld ,  r e s u l t i n g  i n  a n e t  revenue of zero.  
Analogously f o r  a time stream, t h e  discounted average c o s t  
i s  t h e  number t h a t  i f  we  set t h e  s e l l i n g  p r i c e  equal  t o  i t ,  t h e  
n e t  present  va lue  of t h e  n e t  revenue stream w i l l  be  zero.  
Therefore ,  r e t u r n i n g  t o  our  equat ion ,  we are t r y i n g  t o  
s o l v e  f o r  p ,  t h e  f i x e d  s e l l i n g  p r i c e ,  which i s  t h e  discounted av- 
e rage  c o s t ,  where 
such t h a t  
T ct T Rt 
= c  c 
t = O  (1 + d ) t  t = O  (1 + d > t  
t 
T p x Btu 
t-0 (1 + d ) t  
= c  
T Btut 
t = O  (1 + d ) t  
= p c  9 
and so lv ing  f o r  p,  
L, 
t=o + d ) t  = p = discounted average c o s t  
T Btu, 
I; c 
t = O  (1 + d ) t  
t (Note t h a t  t h e  denominators (1 + d)  do no t  cance l  ou t  because of 
t h e  summations.) 
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Appendix E 
Updating GRITS'S Base-Year Costs  
A l l  c o s t s  i n  t h e  model's s t r u c t u r a l  equat ions  are i n  1979 
d o l l a r s  and a r c - a d j u s t e d  by p r i c e  indexes t o  t h e  base-year d o l l a r s  
r epor t ed  on t h e  program output .  To update  t h e  base  yea r  of dol-  
lars  i n  t h e  f u t u r e ,  p r i c e  indexes must b e  a l t e r e d  wi th in  t h e  pro- 
grams's BLOCK DATA subrout ine ,  
ducers '  durable  equipment obtained from t h e  U.S. Department of 
Commerce Bureau of Economic Analysis  f o r  t h e  c a t e g o r i e s  (1) min- 
ing  and o i l f i e l d  equipment, (2)  f a b r i c a t e d  metals, and (3 )  gene ra l  
i n d u s t r y  machinery. 
P r i c e  indexes are those  of pro- 
All o t h e r  c o s t s  t h a t  t h e  u s e r  can s p e c i f y  us ing  one of t h e  
a v a i l a b l e  op t ions  must be updated by t h e  u s e r ,  and a l s o  must be  
updated i n  t h e  program subrout ine  t h a t  r e i n i t i a l i z e s  t h e  d e f a u l t  
s cena r io  (DEFAUL) . 
Table E - l  i n d i c a t e s  t h e  p r i c e  index t h a t  should be  a s soc i -  
a t e d  wi th  each c a p i t a l  component. Table E-2 lists, f o r  t hose  up- 
d a t i n g  t h e  i r i t e rna l ly  ca l cu la t ed  o r  e x t e r n a l l y  s p e c i f i e d  c o s t s ,  
t h e  means of updat ing a l l  component c o s t s .  
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Table E-1 









Bo i l e r  * 
Transport  l i n e  
S torage  Tank 
Equipment index category 
Mining and o i l f i e l d  (1) 
Fabr ica ted  metals ( 2 )  
Fabr ica ted  metals ( 2 )  
General i n d u s t r y  machinery (3) 
Fabr ica ted  metals ( 2 )  
General i ndus t ry  machinery ( 3 )  
Fabr ica ted  meta ls  ( 2 )  
Fabr ica ted  metals ( 2 )  
Fabr ica ted  metals ( 2 )  
*Since t h e s e  c o s t s  are completely user -spec i f ied  op t ions ,  they  w i l l  
no t  be  a f f e c t e d  by a change i n  t h e  BLOCK DATA p r i c e  index spec i -  
f i c a t i o n s .  It i s  suggested,  however, t h a t  t h e s e  indexes be  used 
t o  c a l c u l a t e  t h e  new user -spec i f ied  va lues .  
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Table E-2 
Cost components t h a t  must be  updated when base  year  i s  changed. 
Component 
Bo i l e r  




Pump overhaul  
Heat exchanger 
Transmission 1 ine 
Storage  t ank  
Via update  







V i a  update 




E l e c t r i c i t y  c o s t  1\20: ELEFCN, e tc .  
F o s s i l  f u e l  c o s t  1/29: FOSFCN, etc. 
System s e l l i n g  p r i c e  1/36: GEOFCN, etc.  
Operating & maintenance 1/44: OANDM 
Notes: 
'The p r i c e  indexes i n  t h e  BLOCK DATA subrou t ine  must be rev ised .  
Indexes are based on producers  du rab le  equipment d a t a  suppl ied  i n  
q u a r t e r l y  r e p o r t s  by t h e  Bureau of Economic Analysis .  GRITS uses  
a base  yea r  of 1979; i.e. t h e  index f o r  1979 is 1.00. The t h r e e  
c a t e g o r i e s  used are PINDEX(1): 
PINDEX(2) : f a b r i c a t e d  metals; and PIMDEX(3) : gene ra l  i n d u s t r y  
machinery. 
2These c o s t s  are completely s p e c i f i e d  by t h e  u s e r ,  so new va lues  
should be inpu t  d i r e c t l y  by choosing t h e  ind ica t ed  op t ions  run- 
ning GRITS. I n  add i t ion ,  t h e  d e f a u l t  s cena r io  should be  updated, 
by r e v i s i n g  t h e  DEFAUL subrou t ine  f o r  t h e  ind ica t ed  v a r i a b l e ( s ) .  
P a r t i c u l a r  a t t e n t i o n  should b e  given t o  t h e  u n i t s  of measurements 
used i n t e r n a l l y  i n  t h e  program. 
mining and o i l f i e l d  equipment; 
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